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M54101P 


2—3 


M54543L 


2—184 


M54645AL 


2—359 


M54121L 


2—7 


M54543AL 


2—187 


M54646P 


2—363 


M54122L 


2—11 


M54544L 


2—190 


M54648AL 


2—367 


M54123L 


2—17 


M54544AL 


2—193 


M 54649 L 


2—370 


M54124L 


2—23 


M54545L 


2—196 


M54660P 


2—375 


M54125P 


2—29 


M54546L 


2—199 


M54661 P 


2—378 


M54193P/AP/BP 


2—35 


M54547P 


2—202 


M54700AP,S/P,S-1 /P,S-2 


2—381 


M54403P 


2—39 


M54548L 


2—205 


M54701 AP,S/P,S-1 /P,S-2 


2—381 


M54405P 


2—42 


M54548AL 


2—208 


M54730AP,S/P,S-1 /P,S-2 


2—385 


M54406P 


2—46 


M54549L 


2—211 


M54731 AP,S/P,S-1/P,S-2 


2—385 


M54410P 
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2—214 
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Typ. 


Access 










Type No. 


Circuit Function 


Configu- 
ration 


Power 
dissipation 
(mW) 


time 

(ns) 


Memory 
Capacity 


Package 
Outline 


change- 
able 
products 


Page 


M54730AP,S-1 


256-Bit (32X8) Field Progrannmable 
Read Only Mennory 






30 




16P4 
16S1 


— 




M54730AP,S-2 


B.S.TTL 


350 


35 


32X8 


— 


2-385 


M54730AP,S 






50 




— 




M54731AP.S-1 


256-Blt (32X8) Field Programnnable 
Read Only Memory 






30 




16P4 
16S1 






M54731AP,S-2 


B.S.TTL 


350 


35 


32X8 


— 


2—385 


M54731AP,S 






50 




— 




M54700AP,S-1 


1024-Bit (256X4) Field Programmable 
Read Only Memory 






30 




16P4 
16S1 






M54700AP,S-2 


B.S.TTL 


400 


35 


256X4 


93417 


2-381 


M54700AP.S 






50 








M54701AP,S-1 


1024-Bit (256X4) Field Programmable 
Read Only Memory 






30 




16P4 
16S1 






M54701AP,S-2 


B.S.TTL 


400 


35 


256X4 


93427 


2-381 


M54701AP,S 






50 








M54740AP,S-1 


4096-Bit (1024X4) Field Programmable 
Read Only Memory 






30 




18P4 
18S1 






M54740AP,S-2 


B.S.TTL 


600 


35 


1024X4 


93452 


2-389 


M54740AP.S 






50 








M54741AP,S-1 


4096-Bit (1024X4) Field Programmable 
Read Only Memory 






30 




18P4 
18S1 






M54741AP.S-2 


B.S.TLL 


600 


35 


1024X4 


93453 


2-389 


M54741AP,S 






50 









BI-DIRECTIONAL MOTOR DRIVERS 



Type No. 


Circuit Function 


Typical Electrical Characteristics(Ta=25°C ) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Supply 
Voltage 
(V) 


Supply 
Current 
(mW) 


Rush 
Current 
(mA) 


Constant 
Current 

(mA) 


M54542L 


Bi-Directional Motor Driver 


12 


6 


1200 


300 


9P9 




2-181 


M54543L 


Bi-Directional Motor Driver with 
Brake Function 


12 


24 


1200 


300 


9P9 


BA6209 


2-184 


M54543AL 


Bi-Directional Motor Driver with Brake 
Function and Thermal Shut Down Function 


12 


10 


1200 


300 


9P9 




2—187 


M54544L 


Bi-Directional Motor Driver with 
Brake Function 


12 


21 


1200 


300 


9P9 




2-190 


M54544AL 


Bi-Directional Motor Driyer with Brake 
Function and Thermal Shut Down Function 


12 


10 


1200 


300 


9P9 




2-193 


M54545L 


Bi-Directional Motor Driver with 
Brake Function 


12 


5 


1200 


200 


9P9 




2—196 


M54546L 


Bi-Directional Motor Driver with 
Brake Function 


12 


21 


700 


150 


10P5 




2-199 


M54547P 


Bi-Directional Motor Driver with 
OP Amp and Transistor Array 


12 


4 


600 


150 


16P4 




2-202 


M54548L 
M54548AL 


Bi-Directional Motor Driver with 
Motor Spepd Control 


16 


4 


1200 


300 


12P9 
12P9B 




2—205 
2—208 


M54549L 
M54549AL 


Dual Bi-Directional Motor Driver with Brake 
Function and Thermal Shut Down Function 


16 


25 


1200 


300 


12P9 
12P5 




2-211 
2-214 
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BI-DIRECTIONAL MOTOR DRIVERS (Continued) 



Type No 


Circuit Function 


Typical Electrical Characteristics(Ta=25°C ) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Supply 
Voltage 

(V) 


Supply 
Current 

(mW) 


Rush 
Current 

(mA) 


Constant 
Current 
(mA) 


M54641 L 


Bi-Directlonal Motor Driver with 
Brake Function 


1 Q 


/. 0 




1 ou 


8P5 


- 


2-346 


M54642L 


Bi-Directional Motor Driver with 
Brake Function 


10 


7.5 ^ 


800 


150 


10P5 




2-349 


M54643L 


Bi-Directional Motor Driver 


16 




800 


200 


10P5 




2-353 


M54644BL 


Bi-Directional Motor Driver 


16 




2000 


600 


9P9 




2-356 


M54645AL 


Bi-Directional Motor Driver 


18 




3000 


600 


12P9B 




2-359 


M54648AL 


Bi-Directional Motor Driver with 
Motor Speed Control 


16 


30 


3000 


600 


12P9B 




2-367 


M54649L 


Dual Bi-Directlonal Motor Driver with Brake 
Function and Thermal Shut Down Function 


12 


19 


1600 


600 


10P5 


BA6238A 
BA6248 


2-370 



BIPOLAR STEPPER MOTOR DRIVERS 



Type No. 


Circuit Function 


Typical Electrical Characteristics(Ta=25°C ) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Supply 
Voltage 

(V) 


Low-level 
Output 
Current 
(mA) 


High-level 
Output 
Current 
(mA) 


Output 

with-Stand 
Voltage 

(V) 


M54640P 


Stepper Motor Driver 


45 ' 


20 


800 


45 


16P4 


PBL3717 


2-340 


M54646P 


Stepper Motor Driver 


45 


20 


500 


45 


28P4B 




2-363 



TRANSISTOR ARRAYS 



Type No. 


Circuit Function 


Typical Electrical Characteristics(Ta=25°C ) 


Package 
Outline 


Interchange- 
able 
products 


Page 


Input 

Voltage 

(V) 


Input 
Current 

(mW) 


Collector 
Withstand 
Voltage 

(V) 


Collector 
Current 
duty ratio 
(mA/%) 


M54512L 


4-Unit 50mA Transistor Array 


11 


2 


20 


50/100 


8P5 




2-106 


M5451 BP 


8-Unit 50mA Transistor Array 


2.5 


0.7 


40 


50/100 


18P4 




2-108 


M54514AP 


7-Unit 50mA Transistor Array 


2.4 


0.7 


20 


50/1 00 


16P4 




2—110 


M54515P 


7-Unlt 16mA Transistor Array 


0. 75 


1 


17 


16/1 00 


16P4 




2—112 


M54516P 


5-Unit 500mA Darlington Transistor Array 


8 


0.4 


25 


400/25 


14P4 


LB1288 


2-114 


M54517P 


7-Unit 400mA Darlington Transistor Array 


8 


0.4 


25 


400/15 


16P4 


TDl 2605 


2-117 


M54519P 


7-Unit 400mA Darlington Transistor Array 


8 


0.4 


40 


400/15 


16P4 


IR2403 


2-120 


M54521 P 


5-Unit 500mA Darlington Transistor Array 


1.35 


1 


30 


400/20 


14P4 


IR3403 


2-123 


M54522P 


8-Unit 400mA Darlington Transistor Array 
with Clamp Diode 


8 


0.4 


40 


400/15 


18P4 




2-126 


M54523P 


7-Unit 500mA Darlington Transistor Array 
with Clamp Diode 


3. 85 


1 


50 


400/15 


16P4 


ULN2003A 


2-129 


M54524P 


7-Unit 500mA Darlington Transistor Array 
with Clamp Diode 


1.4 


1 


50 


400/15 


16P4 


ULN2001A 


2-132 


M54525P 


7-Unit 500mA Darlington Transistor Array 
with Clamp Diode 


17 


0.9 


50 


400/15 


16P4 


ULN2002A 


2-135 


M54526P 


7-Unit 500mA Darlington Transistor Array 
with Clamp Diode 


8 


0.9 


50 


400/15 


16P4 


ULN2004A 


2-138 


M54527P 


6-Unit 150mA Darlington Transistor Array 
with Clamp Diode 


7 


0.3 


40 


150/90 


14P4 


LB1274 , 


2-141 
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INDEX BY FUNCTION 



TRANSISTOR ARRAYS (Continued) 



Type No 


Circuit Function 


Typical Electrical Characteristics(Ta==25°C ) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Input 
Voltage 

(V) 


Input 
Current 

(mW) 


Collector 
Withstand 
Voltage 

(V) 


Collector 
Current 
duty ratio 
(mA/%) 


M54528P 


7-Unit 150mA Darlington Transistor Array 
with Clamp Diode 


7 


0.3 


40 


150/80 


16P4 


LB1275 


2-143 


M54529P 


5-Unit 320mA Transistor Array with Strobe 


7 


0.3 


20 


320/60 


14P4 




2—145 


M54529AP 


5-Unlt 320mA Transistor Array with Strobe 


3.5 


0. 05 


20 


320/60 


14P4 


- 


2-148 


M54530P 


7-Unlt 400mA Darlington Transistor Array 
with Clamp Diode 


8 


0. 4 


40 


400/15 


16P4 


IR2411 


2-151 


M54531 P 


7-Unit 400mA Darlington Transistor Array 
with Clamp Diode 


9 


0. 4 


40 


400/15 


16P4 


IR2410 


2-154 


M54532P 


4-Unit 1.5A Darlington Transistor Array 
with Clamp Diode 


3 


5 


50 


1250/10 


16P4 


ULN2064A 


2-157 


M54533P 


6-Unit 320mA Transistor Array 
with Clamp Diode and Strobe 


7 


0.3 


20 


320/50 


16P4 




2-160 


M54534P 


6-Unit 320mA Transistor Array 
with Clamp Diode and Strobe 


3.2 


0.5 


20 


320/50 


16P4 


IR2425 


2-163 


M54535P 


7-Unit 150mA Transistor Array 
with Clamp Diode and Strobe 


7 


0.3 


Vcc 


150/85 


18P4 


LB1 260 


2—166 


M54536P 


7-Unit 150mA Transistor Array 
with Clamp Diode and Strobe 


3.2 


0.7 


Vcc 


150/85 


18P4 




2-169 


M54537P 


7-Unit 350mA Transistor Array 


3.2 


0.8 


20 


350/60 


16P4 


- 


2-172 


M54538P 


7-Unit 350mA Transistor Array 
and Motor Driver 


3. 2 


0. 8 


20 


350/45 


18P4 


- 


2-175 


M54539P 


6-Unit 700mA Transistor Array 
with Clamp Diode 


3. 2 


0. 8 


20 


* /UU/4U 


16P4 


IR2420 


2-178 


M54560P 


7-Unlt 150mA Source Type Darlington 
Transistor Array with Clamp Diode 


Vs— 5V 


—0. 2 


40 


— 150/75 


16P4 


- 


2-217 


M54561 P 


7-Unit 300mA Source Type Darlington 
Transistor Array with Clamp Diode 


Vs— 3. 5V 


— 0. 15 


40 


^r\r\ /or\ 

— 300/20 


16P4 


- 


2-220 


M54562P 


8-Unit 500mA Source Type Darlington 
Transistor Array with Clamp Diode 


4 


0. 35 


50 


—400/15 


18P4 


UDN2982A 


2-223 


M54563P 


8-Unit 500mA Source Type Darlington 
Transistor Array with Clamp Diode 


2.4 


0.4 


50 


—400/15 


18P4 


UDN2981A 


2-226 


M54564P 


8-Unit 500mA Source Type Darlington 
Transistor Array 


4 


0. 35 


50 


—400/15 


18P4 


— 


2-229 


M54565P 


8-Unit 50mA Transistor Array 
("L" Active Input) 


Vcc— 0. 75 


—0. 2 


20 


50/100 


18P4 


— 


2-232 


M54566P 


7-Unit 400mA Darlington Transistor Array 
("L" Active input) 


Vcc— 3 


—0. 3 


50 


400/15 


16P4 


TD62304 


2-234 


M54567P 


4-Unit 1.5A Darlington Transistor Array 
with Clamp Diode 


Vcc— 3- 5 


—0. 3 


50 ^ 


1 250/1 0 


16P4 


TD62308AP 


2-237 


M54568L 


4-Unit 30mA PNP Transistor Array 


Vcc-0. 8 


-2 


30 


-30/100 


10P5 




2—240 


M54569P 


8-Unit 30mA PNP Transistor Array 


Vcc-0. 8 


-2 


30 


-30/100 


18P4 


- 


2-242 


M54571 P 


6-Unit 350mA Transistor Array 
and Motor Driver 


9 


2 


43 


350/20 


20P4 




2-246 


M54574P 


4-Unit 700mA Transistor Array 
with Clamp Diode 


9 


3 


43 


350/20 


16P4 




2-253 


M54575P 


8-Unit 150mA Transistor Array 
with Clamp Diode and Strobe 


9 


3 


43 


350/20 


20 P4 




2-255 


M54576P, FP 


7-Unit 30mA Transistor Array 
("L" Active Input) 


3 


0.06 


30 


50/100 


16P4 
16P2 




2-257 


M54577P, FP 


7-Unit 30mA Transistor Array 


3 


0. 06 


30 


50/100 


16P4 
16P2 




2-259 
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MITSUBISHI BIPOLAR DIGITAL ICs 

INDEX BY FUNCTION 



TRANSISTOR ARRAYS (Continued) 



Type No 


Circuit Function 


Typical Electrical Characteristics(Ta=25°C) 


Package 
Outline 


Interchange- 
able 
products 


Page 


Input 
Voltage 

(V) 


Input 
Current 
(mA) 


Collector 
Withstand 
Voltage 

(V) 


Collector 
Current 
duty ratio 
(mA/%) 


M54578P 


6-Unit 700mA Transistor Array 
with Clamp Diode and Strobe 


3.5 


0.5 


20 


* 700/40 


16P4 


— 


2-261 


M54580P 


7-Unit 150mA Source Type Darlington 
Transistor Array 


Vs-3. 5 


-0.3 


50 


— 150/80 


16P4 


_ 


2-264 


M54581 P 


8-Unit 500mA Source Type Darlington 
Transistor Array with Clamp Diode 


Vs-3. 6 


-0.3 


50 


—400/15 


18P4 


UDN2580A 


2-267 


M54583P 


8-Unit 400mA Darlington Transistor Array 


Vcc-3.6 


—0.3 


50 


350/10 


18P4 


- 


2-270 


M54584P 


8-Unit 350mA Transistor Array 


3 


0.8 


20 


250/50 


18P4 




2—273 


M54585P 


8-Unit 500mA Darlington Transistor Array 
with Clamp Diode 


3. 85 


0.9 


50 


400/6 


18P4 


ULN2803A 


2—276 


M54586P 


8-Unit 500mA Source Type Darlington 
Transistor Array 


Vs— 3. 6 


-0.3 


50 


-300/8 


18P4 




2-279 


M54590P 


8-Unit High Voltage 500mA Darlington Transistor 
Array with Clamp Diode 


3. 85 


1 


80 


400/10 


18P4 


ULN2823A 


2-282 


M54591 P 


8-Unit High Voltage 500mA Darlington Transistor 
Array with Clamp Diode 


1.4 


1 


80 


400/10 


18P4 


ULN2821 A 


2-285 


M54592P 


8-Unit High Voltage 500mA Darlington Transistor 
Array with Clamp Diode 


1.7 


0.9 


80 


400/1 0 


18P4 


ULN2824A 


2-288 


M54593P 


8-Unit High Voltage 500mA Darlington Transistor 
Array with Clamp Diode 


8 


0.9 


80 


400/10 


18P4 


ULN2824A 


2-291 


M54594P 


4-Unit High Voltage 1.5A Darlington 
Transistor Array with Clamp Diode 


3 


5 


80 


1 250/4 


16P4 


ULN2064B 


2-294 


M54595P 


4-Unit 1. 5A Darlington 

Transistor Array with Clamp Diode 


8 


5 


80 


1 250/4 


16P4 


ULN2067B 


2-297 


M54596P 


4-Unit High Voltage 1. 5A Darlington Transistor 
Array with Clamp Diode 


Vcc-3. 5 


-0.3 


80 


1250/4 


16P4 


TD62308BP 


2-300 


M54597P 


8-Unit High Voltage 500mA Source Type 
Darlington Transistor Array 


4 


0. 35 


80 


-350/8 


18P4 


UDN2984A 


2-303 


M54598P 


8-Unit High Voltage 500mA Source Type 
Darlington Transistor Array 


2.4 


0.4 


80 


—350/8 


18P4 


UDN2983A 


2-306 


M54660P 


8-Unit High Voltage 500mA Source Type Darlington 
Transistor Array 


Vs— 3. 6 


-0.3 


80 


-350/8 


18P4 


UDN2580A1 


2-375 


M54661 P 


4-Unit High Voltage 1.5A Darlington 
Transistor Array with Clamp Diode 


Vcc-3. 6 


-0.3 


80 


1250/4 


16P4 


LB1205 


2-378 



* *. Synchronous operation of 3 circuits 



DISPLAY DECODER/DRIVERS 



Type No 


Circuit Function 


Circuit 
Family 


Typical Electrical Characteristics(Vcc=5V, Ta=25°C ) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Power 
dissipation 
(mW) 


Low-level 
Output 
Current 
(mA) 


High-level 
Output 
Current 
(mA) 


Output 
Withstand 
Voltage 
(V) 


M54405P 


4-Bit Binary-to-Seven-Segment 
Decoder/Driver 


TTL 


300 


16 


0. 25 


15 


16P4 




2—42 


M54406P 


BCD-to-Seven-Segment Decoder/Driver 


TTL 


265 


20 


0.2 


15 


16P4 




2-46 


M54940P/FP 


8-Digit Fluorescent Display Driver 
for Microcomputer 


I^L 


150 




-10 


35 


30P4B/ 
32P2W-A 




2-479 


M54844P 


8-Digit Fluorescent Display Driver 
for Microcomputer 


I^L 


120 




-10 


33 


28 P4 




2-424 


M54847AP 


2-Digit BCD-to-Seven-Segment 
Decoder/Driver 


I^L 


75 




-10 


25 


30P4B 




2-428 


M54480P 


RGB Decoder 


ECL 


650 


30 




5.5 


24 P4 




2-91 
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INDEX BY FUNCTION 



CURRENT DRIVER/PERIPHERAL DRIVERS 



Type No 


Circuit Function 


Typical Electrical Characterjstics(Vcc=5V, Ta=25°C) 


Package 
Outline 

* 


Interchange- 
able 

products 


Page 


Power* 
dissipation 
(mW) 


Low-level 
Output 
Current 

(mW) 


Output 
Withstand 
Voltage 

(V) 


Propagation 
time 
(ns) 


M54502P 


Dual AND Gate with Drive Transistor 


430 


300 


30 




14P4 




2-96 


M54503P 


Quadruple Current Driver 


390 


100 


30 




14P4 




2-100 


M54504P 


Dual NAND Gate with Drive Transistor 


360 


300 


30 




14P4 


SN75450N 


2-102 


M54600P 


Dual Peripheral Positive AND Driver 


150 


300 


30 


20 


14P4 


SN 75450 BN 


2-309 


M54601 P 


Dual Peripheral Positive AND Driver 


150 


300 


30 


18 


8P4 


SN75451 BP 


2-315 


M54602P 


Dual Peripheral Positive NAND Driver 


170 


300 


30 


25 


8P4 


SN 75452 BP 


2-318 


M54603P 


Dual Peripheral Positive OR Driver 


155 


300 


30 


17 


8P4 


SN75453BP 


2-321 


M54604P 


Dual Peripheral Positive NOR Driver 


185 


300 


30 


26 


8P4 


SN75454BP 


2-324 


M54605P 


Dual Peripheral Positive NAND Driver 


170 


300 


30 


28 


14P4 




2-327 



* : loL=0 



HIGH SPEED DIVIDERS 



Type No. 


Circuit Function 


Typical Characteristics(Ta=25°C ) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Supply 
Voltage 

(V) 


Count 
Frequency 
(MHz) 


Input 
Sensitivity 
(dBm) 


Output 


M54455L 


1/4,1/8,1/40 High Speed Divider 


5.0 


30—130 


200 


Open 
Collector 


8P5 




2-58 


M54459L 


1/20, 1/100 High Speed Divider 


5.0 


30—130 


180 


Open 
Collector 


8P5 




2-60 


M54460L 


1/10, 1/100 High Speed Divider 


5.0 
3°b 


30—130 


180 


Open 
Collector 


8P5 




2-62 


M54466L 


1/10, 1/11 High Speed Divider with ECL Output 


5.0 


30—300 


400 


ECL 


8P5 




2-64 


M54468AL 


1/256 High Speed Divider with ECL Output 


5.0 


80—1100 


400 


ECL 


8P5 


TD6108 


2—68 


M54471P/L 


1/64 High Speed Divider with ECL Output 


5.0 


80—1250 


400 


ECL 


8P4,8P5 




2-70 


M54472L 


1/64 High Speed Divider with ECL Output 


5.0 


80—1100 


400 


ECL 


8P5 


TD6107 


2-72 


M54473P/L 


1/256 High Speed Divider with TTL Output 


5.0 


80—1250 


400 


TTL 


8P4,8P5 


TD61 1 1 


2-74 


M54475P 


1/64, 1/65, 1/128, 1/129 2-Modulus High 
Speed Divider with ECL Output 


5.0 


700—1000 


400 


ECL 


8P4 


/^PB566C 


2-76 


M54477P/L 
M54477AP 


1/128, 1/136 2-Modulus High Speed 
Divider with ECL Output 


5.0 


80-1000 


100 


ECL 


8P5 
8P4 


//PB562AC 


, 2-80 
2-83 


M54478P 


1/256 jHigh Speed Divider with ECL Output 


5.0 


80—860 


50 


ECL 


8P4 


SP4683 


2-86 


M54479P ★★ 


1/64 High Speed Divider 


5.0 


700—1900 


200 


ECL 


10P2-C 




2-88 
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INDEX BY FUNCTION 



PLL FREQUENCY SYNTHESIZERS 



Type No. 


Circuit Function 


Circuit 
Family 


Typical Electrical Characteristics(Vcc=5V, Ta=25°C) 


Package 
Outline 


Interchange- 
products 




Supply 
Voltage 

(V) 


Power 
dissipation 
(mW) 


Output 
Witiistand 
Voltage 
(V) 


Operation 
Frequency 
(MHz) 


M54927P 


PLL Frequency Syntliesizer 
for Digital Tuning Systems 


ECL/I^L 


5 


150 


6 


120 


16P4 


- 


2-454 


M54928P 


PLL Frequency Synthesizer 
for Digital Tuning Systems 


ECL/l\ 


5 


150 


6 


120 


22P4 


— 


2-463 


M54929P 


PLL Frequency Synthesizer 
for Amateur Radios 


ECL/I^L 


5 


300 


6 


300 


16P4 




2-472 


M54956P 


PLL Frequency Synthesizer 
for Personal Radios 


ECL/I^L 


5 


200 


6 


1000 


16P4 




2—484 


M54959P 


PLL Frequency Synthesizer 
for Personal Radios 


ECL/I^L 


5 


100 


6 


500 


16P4 




2-492 


M54965ASP ★★ 


Serial Input PLL Frequency Synthesizer 
for VTR 


ECL/I^L 


5 


350 


6 


1000 


20P4B 




2—499 


M54967ASP 


Serial Input PLL Frequency Synthesizer 
for VTR 


ECL/I^L 


5 


350 


6 


1000 


20P4B 




2-504 


M54968ASP 


Serial Input PLL Frequency Synthesizer 
for VTR 


ECL/I^L 


5 


350 


6 


1000 


20P4B 




2-509 



TUNER BAND SWITCHES 



Type No. 


Circuit Function 


Typical Electrical Characteristics(Ta==25°C ) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Supply 
Voltage 

(V) 


Low- level 
Output 
Current 
(mA) 


High-level 
Output 
Current 
(mA) 


Output 
Withstand 
Voltage 

(V) 


M54570L 


Tuner Band Decoder/Driver 


12 




-35 


24 


8P5 




2-244 


M54572L 


Tuner Band Decoder/Driver 


12 


30 


-30 


24 


8P5 




2-249 


M54573L 


Tuner Band Decoder/Driver 


12 


30 


-30 


24 


8P5 




2-251 



FREQUENCY COUNTERS 



Type No. 


Circuit Function 


Circuit 
Family 


Typical Electrical Characteristics(Vcc=5V, Ta=25'C ) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Power 
dissipation 
(mW) 


Receive 
band 


Output 
Form 


M54820P 


Frequency Counter with 5-Digit 
LED Driver 


I^L 


200 


SW 


Dynamic 
lamp 


24 P4 




2-412 



CHANNEL SELECTORS 



Type No. 


Circuit Function 


Circuit 
Family 


Typical Electrical Characteristlcs(Vcc=5V, Ta=25'C ) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Supply 
Voltage 
(V) 


Power 
dissipation 
(mW) 


Low-level 
Input 
Current 
(mA) 


Output 
Withstanc 
Voltage 
(V) 


Low-level 
Output 
Current 
(mA) 


M54832P 


8-Channel Selector 


I^L 


4.5 


18 




12 


20 


16P4 




2—416 


M54833P 


8-Channel Selector with Clock Out 


I^L 


4.5 


18 




12 


20 


16P4 




2—418 


M54834P 


14-Channel Selector 


I^L 


5 


40 




12 


25 


22P4 




2-421 
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FREQUENCY DIVIDER/OSCILLATORS 



Type No 


Circuit Function 


Circuit 
Family 


Power 
dissipation 
(mW) 


Typical Electrical Characteristics 
(Vcc=5V, Ta=25°C) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Count 
Frequency 
(IVIHz) 


Count 


Preset 
Pin 


M54812L 


1/4, 1/8, 1/32 Divider/Oscillator 


I^L 


85* 


1~4 


l_ 




8P5 




2-404 


M54813L 


1/4, 1/16, 1/32 Divider/Oscillator 


I^L 


85* 


1—4 


l_ 




8P5 




2—406 


M54816P 


14-Stage Divider/Oscillator 


I^L 


60 


0. 5-4. 2 


l_ 




14P4 




2-408 


M54819L 


Presettable Divider 


I^L 


27 


0—0.8 


l_ 


-Available 


8P5 




2-410 



* : Max Value 

_j~ : Indicates the count wlien "Low" clianges to "High" ~\_ : Indicates tlie count when "High" changes to "Low" 



LATCHED DRIVERS 



Type No 


Circuit Function 


Supply 
Voltage 

(V) 


Output 
Current 
(mA) 


Output 

Withstand 
Voltage(V) 


Supply Current 
(mA) 
(Vcc=5V, Ta=25°C) 


Package 
Outline 


Interchange- 
able 
products 


Page 


M54970P 


9-Bit Serial-Input, Latched Divider 


4.5—5.5 


300 


20 


90 


18P4 




2-514 


M54972P 


Bi-CMOS 8-Bit Serial-Input, Latched Divider 


4—6 


300 


30 


6* 


16P4 




2-521 


M54973P 


Bi-CMOS 8-Bit Parallel-Input Latched Divider 


4—6 


300 


30 


10* 


22 P4 




2-526 


M54974P 


Bi-CMOS 12-Bit Serial-Input, Latched Divider 


4—6 


400 


30 


10* 


28P4B-A 




2-531 


M54975P 


Bi-CMOS 8-Bit Serial-Input, Latched Divider 


4—6 


300 


30 


1.2* 


16P4 


UCN4820A 


2-537 


M54976P 


Bi-CMOS 8-Bit Parallel-Input, Latched Divider 


4-6 


300 


30 


1.2* 


22P4 


UCN4801A 


2-542 


M54977P 


Bi-CMOS 12-Bit Serial-Input, Latched Divider 


4-6 


200 


30 


1 * 


20P4 




2-547 



* : Per 1 Output ON 



TELEPHONES 









Typical Electrical Characteristics(Vcc=5V, Ta=25°C) 




Interchange- 
able 
products 




Type No 


Circuit Function 


Circuit 
Family 


Power 
dissipation 
(mW) 


Supply 
voltage 
(V) 


Output 

withstand 
voltage(V) 


Output 
Current 
(mA) 


Package 
Outline 


Page 


M54193P/AP/BP 


Telephone Tone Ringer 


TTL 


50 


300 


45 


±5 


8P4 




2-35 



TAPE CONTROLLERS 









Typical Electncal Characteristics(Ta=25°C) 








Type No 


Circuit Function 


Circuit 
Family 


Supply 
Voltage 

(V) 


Power 
dissipation 
(mW) 


Output 
Withstand 
Voltage 
(V) 


Output 
Current 

(mA) 


Package 
Outline 


Interchange- 
able 

products 


Page 


M54410P 


Key Controller for Tape Deck 


TTL 


5 


270 


7 


10 


16P4 




2-49 


M54886P 


System Controller for Tape Deck 


I^L 


5 


50 


6 


30 


16P4 




2-431 


M54418P 


Tape Selector 


TTL 


8—23 


300 


23 


3 


16P4 




2-53 
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INDEX BY FUNCTION 



REGISTER, LATCHES 



Type No 


Circuit Function 


Circuit 
Family 


Typical Electrical Characteristics(Vcc=5\/, Ta=25°C) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Power 
dissipation 
(mW) 


Shift 
frequency 
(MHz) 


Clock 


Set up 
Time 
(ns) 


Holding 
Time 
(ns) 


Transfer 
Time 
(ns) 


M54403P 


5-Blt Right-Shift Left-Shift Register with Reset 


TTL 


510 


0—10 




30 


0 


35 


16P4 




2-39 



_J~ : Indicates the count when "Low" changes to "High". I Indicates the count when "High" changes to "Low" 

LEVEL DETECTORS 



Type No. 


Circuit Function 


Typical Electrical Characteristics(Ta=25°C) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Supply 
Voltage 
(V) 


Circuit 
current 

(mA) 


Input 
Sensitivity 
(mV) 


Output 
Current 
(mA) 


M54101P 


Level Detector 


12-16 


9 • 




40 


14P4 




2-3 


M54121L 


Earth Leakage Current Detector 


14—18 


2 


20 


1 


8P5 




2-7 


M54122L 


Earth Leakage Current Detector 


12(Min) 


0.4 


13 


0.2 


8P5 




2-11 


M54123L 


Earth Leakage Current Detector 


12(Min) 


0.4 


6.1 


0.2 


8P5 




2-17 


M54124L 


Earth Leakage Current Detector 


12(Min) 


0.5 


6.5 


0.2 


8P5 




2-23 


M54125P 


Earth Leakage Current Detector 


12(Min) 


0.7 


6.5 


0.2 


10P2-C 




2-29 



MISCELLANEOUSS 



Type No 


Circuit Function 


Circuit 

Family 


Typical Electrical Characteristics(Vcc=5V, Ta=25°C) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Supply 
Voltage 

(V) 


Power 
dissipation 
(mW) 


Low-leve 
Input 
Current 
(mA) 


Output 
Withstand 
Voltage 
(V) 


Low-level 
Output 
Current 
(mA) 


M54844P 


8-Digit Fluorescent Display Driver 
For Microcomputer 


I^L 


3.5—9 


30 


-0.2 


9 


10 


28 P4 




2-424 


M54910P 


F2F Magnetic Stripe Enocordmg 
Card Reder 


PL 


4.5-9.5 


100 


0.1 


6 


16 


16P4 




2-440 


M54914FP 


F2F Magnetic Stripe Enocording 
Card Reder 


Bi-CMOS 


4-6 


5 


0. 0001 


5 


5 


20 P2 




2-447 


M54801 P 


FM Diversity Receive Controller 


I^L 


4. 5—7 


210 






10 


22 P4 




2-393 



TIMER/COUNTERS 



Type No. 


Circuit Function 


Circuit 
Family 


Typical Electrical Characteristics (Vcc=5V, Ta=25°C) 


Pacage 
Outline 


Interchange- 
able 

products 


Page 


Power 
dissipation 
(mW) 


Count 
Frequency 
(MHz) 


Preset 
range 


Count 
range 


M5481 1 P 


Presettable Timer/Counter with 
7 Segment LED Driver 


PL 


400* 


0—0.1 


BCD 

00—99 


BCD 

00—99 


24 P4 




2-400 



* : Worst Value 



OTHERS 



Type No 


Circuit Function 


Circuit 
Family 


Typical Electrical Characteristics(Vcc=5V, Ta=25°C) 


Package 
Outline 


Interchange- 
able 

products 


Page 


Supply 
Voltage 
(V) 


Power 
dissipation 
(mW) 


Low-level 
Input 
Current 
(mA) 


Output 
Withstanc 
Voltage 
(V) 


Low-level 
Output 
Current 
(mA) 


M54610P 


8-Bit Parallel Data Interface 
For Printer 


PL 
LSTTL 


5 


35 


-0.4 


5.5 


8 


42P4B 




2-332 
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REFERENCE BY CtlRRENT VS. VOLTAGE 

CHARACTERISTICS 



REFERENCE BY CURRENT VS. VOLTAGE CHARACTERISTICS 



1500 
1000 

700 

500 
400 

300 



< 150 

E 



S 100 



3 

o 



E 
E 



50 



30 



10 



539P 
Thermal Head 



5BAP 

#533 F* 

h34P 



S35P 
536P' 



♦ mBP 



51 7P 



514AP 
565P 

569P 



LED 



StSP 



521 P 
671 P 



561 P 



576 P 57g 
577P 577 




527P 
528P 

560P • 



smp ^ 

SB7P ^ 

Plufiger 



580P 
Fluorescent 



, m4p wire Ppt 
TOP . arid ' 
596P , Dal^y' ; 

^'eeii^ Head 



. 590P 
^91 P 

^^^f*. Mini 
503P Printer 
■ ^^^^^ Head 

'59ap 

660P ^ 



61 3P 



FP 
FP 



10 20 30 40 50 

Maximum Voltage (V) 



60 



70 
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QUICK REFERENCE 



QUICK REFERENCE 



No. 


I/O Type 






Type Number 




Input 


Output 
















4 


M54512L 


M54594P M54532P 


M54595P 












M54516P 


M54521 P 












5 


M54529P 


M54529AP 














M54527P 


M54533P 












6 


M54534P 
M54571 P 


M54539P 
M54578P 














M54514AP 


M54515P 














M54517P 


M54519P 




1 


"H" Active 




Current 
Csink) 


7 


M 54523 P 
M54525P 
M 54528 P 
M 54531 P 
M54536P 
M54538P 
M54577FP 


M 54524 P 
M54526P 
M54530P 
M54535P 
M 54537 P 
M 54577 P 














M54513P 


M54522P M54584P 


M54585P 










8 


M54590P 


M54591P M54592P 


M54593P 


2 


"H" Active 


Current 
(Source) 


8 / 


M54562P 
M54564P 


M54597P M54563P 
M54598P 












4 


M54567P 


M54596P M54661 P 


M54574P 


3 


"L" Active 




Current 


7 


M54566P 


M54576P M54576FP 










(Sink) 


8 


M54565P 


M54583P 


M54575P 










4 


M54568L 










7 


M54560P 


M54561 P 




4 


"L" Active 




Current 




M54580P 












(Source) 


8 


M54569P 


M54581 P 












M54586P 


M54660P 
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MITSUBISHI BIPOLAR DIGITAL ICs 

ORDERING INFORMATION 



FOR MITSUBISHI ORIGINAL PRODUCTS 

Example : M 5 45 14 A P 



I 



-M *. indicates the product is a Mitsubislii Electric integrated circuit. 
-5 : industrial/consumer 

(Operating ambient temperature range is —20 — h75°C, standard) 
9 : High-reliability type 

A single or two-digit alphanumeric code indicates circuit type and series name. 
-0 : CMOS 

1'^2 ! Linear circuit 
3 : TTL 

10'^19 : Linear circuit 
20'-'29 : Linear circuit 

32-'33 : TTL (equivalent to the Tl SN74 family) 
41^^47 : TTL and others 
48'-49 : ML 

84 : CMOS 

85 : p-channel silicon gate MOS 

86 : p-channel aluminum gate MOS 

87 : n-channel silicon gate MOS 

88 : p-channel aluminum gate ED-MOS 

89 : COMS 

■ S0'-S2 : Schottky TTL (equivalent to the Tl SN74S family) 

This group consists of a two- or three-digit serial number to indicate the type of 

circuit within the series. 
-Consists of a single letter which indicates the difference of outer appearance or 

some part of the device specifications as listed below. 

(1) For linear circuits, this is one letter of the alphabet, chosen in 
alphabetical order but not including I or O, which is used to flag devices 
for which parts of the specifications differ. 

(2) For devices with identical specifications having only pin-bending direc- 
tion differences, an R is assigned to this group following group (5) 

(3) When this group designation is not required, the next group is shifted to 
the left to follow group (5) immediately. 

- Package style 
K 
L 

SL 
TL 
P 

SP 
FP 
GP 
S 



Low melting point glass sealed ceramic-type package 
Plastic molded SIP (Single In-line Package) 

I : Plastic molded DIP (Dual In-line Package) 
I Plastic molded FLAT package 



Metal-sealed ceramic 
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ORDERING INFORMATION 



FOR SECOND SOURCE PRODUCTS 

Example: M 5 K 416 4 S - 2 



I 



M I Mitsubishi integrated prefix 



Temperature range 

5 Standard industrial/commercial 

(OtoyO/ysr or-20to85°C) . 
9 ' Higli reliability 

Series designation of original source 
using 1 or 2 alphabetical characters. 
A Advanced Micro Devices 
C : Motorola's MC series 
E Signetics 
F ' Fairchild 

G General Instrument's series 

K *. Mostek's MK series 

L : Intel's series 

N : National Semiconductor 

R *. Raytheon 

T ' Texas Instrument's 

W ' Western Digital's series 

Circuit function identification code of the 

original source type name. 



Package style 

K '. Glass-sealed ceramic 

P ! Molded plastic 

S I Metal-sealed ceramic 



Electrical characteristic identification code 
using 1 or 2 digits. 



PACKAGE CODE 

Package style may be specified by using the following simplified alphanumeric code. 
Example: 30 P 4 B 




Number of pins 



Package structure 

K ! Low-melting-point glass sealed ceramic 

P : Molded plastic 

S : Metal-sealed ceramic 



Package outline 

0 : Chip carrier 4 : DIP/Shrink DIP 8 : PGA 

1 : DIP 5 : SIP, ZIP 9 : sip 

2 : sop 6 : QFP 



' Auxiliary outline code 
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SYMBOLOGY 



SYMBOLOGY 



Symbol 


Parameter Definition 




Collector-base breakdown voltage when the emitter is open 


BVcER 


Collector-emitter breakdown voltage when the specified resistor is connected between the base and the emitter 


BVcEs 


Collector-emitter breakdown voltage when the base and emitter are shorted together 


BVd 


Diode breakdown voltage 


The breakdown voltage of the diode 


BVebo 


Emitter-base breakdown voltage when the collector is open 


BV, 


Input breakdown voltage 


The breakdown voltage of the input 


BVo 


Output breakdown voltage 


The breakdown voltage of the output 


c, 


Input capacitance 


Capacitance between the input and the ground terminals 




Load capacitance 


Externally connected load capacitance 


Co 


Output capacitance 


Capacitance between the output and the ground terminals 




Maximum clock frequency 


Maximum input repetition frequency for normal IC operation 


F, 




Number of similar inputs 


Fo 


Fan-out 


Number of similar ICs which can be driven by an output 


Gv 


Voltage gain 


Ratio of the output voltage to extremely small changes of the input voltage 


H 


Indicates the high logic level 


Used in voltage and current suffixes to indicate the high potential level 




Current amplification factor 




1 


Indicates current or input 


Currents flowing into ICs are taken to be positive and those flowing out as negative 


•as 


Total outflow current 




|cc 


Supply current 


The current flowing into the Vcc supply terminal of a circuit 




Low-level supply current 


Vcc current when the inputs are such that the output is low 


IccH 


High-level supply current 


Vcc current when the inputs are such that the output is high 


If 


Forward current 


Forward diode current 


1, 


Input current at maximum voltage 


The input current flowing when maximum voltage is applied to the IC input pins 


l|H 


High-level input current 


The current flowing into an input when a specilied high voltage is applied 


•iL 


Low-level input current 


The current flowing out of an input when a specilied low voltage is applied 




High-level output current 


Current flowing in the load when the output is high or current flowing when a high level is applied 


•OL 


Low-level output current 


The current flowing into an output which is in the low state 


los 


Short-circuit output current 


The current flowing out of an output which is in the high state when that output is short circuit to 






ground 


•oz 


Off-state output current 


The current that flows when the output is in the 3-state condition 


Ir 


Reverse current 


The current that flows when a reverse voltage is applied 


Is 


Supply current 


The current flowing into the IC from the Vs terminal 


It 


, Threshold current 


Current which lows when the threshold voltage is applied to the input 


It+ 


Positive threshold current 


Current which flows when the positive threshold voltage is applied to the input 


It — 


Negative threshold current 


Current which flows when the negative threshold voltage is applied to the input 


L 


Indicates the low logic level 


Used in voltage and current suffixes to indicate the low potential level 


O 


Indicates output 




Pd 


Power dissipation 


Product of the supply voltage and the supply current 


PRR 


Pulse repetition rate 


The rate of repetition of an applied pulse train 


Ri 


Input resistance 


The resistance expressed by V|/l| 


ri 


Input resistance 


The resistance expressed by AM\/A\\ 


Ta 


Operating free-air temperature 


The temperature of the environment surrounding an IC 


tf 


Fall time 


Time required to fall from the high to the low logic level 




Hold time 


The required hold time for a specified input after an input has changed 




Operating temperature 


The ambient temperature range for normal IC operation 


tpd 


Propagation delay time 


Amount of time required from a change of input signal until the corresponding change in output, ex- 






pressed as the average propagation time 


tpHL 


Propagation delay time, high-to low- 


Amount of time required from a change of input signal until the output changes from high to low 




level output 




tpHZ 


Output disable time from High-level 


Amount of time required from a change of input signal until the output changes from high to high- 






impedance 


tpLH 


Propagation delay time low-to high- 


Amount of time required from a change of input signal until the output changes from low to high 




level output 




tpLZ 


Output disable time from Low level 


Amount of time required from a change of input signal until the output changes from low to high- 






impedance 


tpw 


Pulse width 
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Symbol 


Parameter Definition 


tpzH 


Output enable time to a High level 


Amount of time required from a change of input signal until the output changes from high- 






impedance to high 




Output enable time to a Low level 


Amount of time required from a change of input signal until the output changes from high- 






impedance to low 


tr 


Rise time 


Time required to rise from the low to the high logic level 


Tstg 


Storage temperature 


The range of surrounding stroage temparature for an IC 


^su 


Setup time 


The required hold time for other inputs before a paricular input may be changed 


txHL 


High-to low-level output transition time 


The time required for the output to change from high level to low level 


^TLH 


Low-to high-level output transition time 


The time required for the output to change from low level to high level 


twR 


Write recovery time 


The penod between the end of a write pulse and the beginning of the next cycle 


Vcc 


Supply voltage 


The voltage of power supply voltage over which the device Is quaranted to operate within the spe- 






cified limits 


VcE 


Collector-emitter voltage 




VcE(sat) 


Collector-emitter saturation voltage 




Vf 


Forward voltage 


Forwared voltage applied to a diode 


V| 


Input voltage 


Voltage applied to an input 


V.c 


Input clamp diode voltage 


The forward voltage applied to an input clamping diode 


V,E 


Input emitter-emitter voltage 


The emitter-to-emitter voltage for a multi-emitter transistor input 


V,H 


High-level input voltage 


The range of input voltages that represents a logic high in the system 


V,L 


Low-level input voltage 


The range of input voltages that represents a logic low in the system 


Vo 


Output voltage 


Voltage applied to or apperaring at an output 


VoH 


High-level output voltage 


Voltage at an output in the high- state 


Vol 


Low-level output voltage 


Voltage at an output in the low state 


Voo 


Output offset voltage 


The collector-emitter voltage when the collector current is 0 


Vp 


Pulse amplitude 


The differance between the low level and high levelof a pulse 


Vr 


Reverse voltage 


The high voltage applied to an output 


Vs 


Supply voltage 


The voltage applied to the Vs pin 


Vt 


Threshold voltage 


The input voltage beyond at which the output changes 


Vt+ 


Positive-going threshold voltage 


The threshold voltage at which the output changes when the input is changing from low to high 


Vt- 


Negative-going threshold voltage 


The threshold voltage at which the output changes when the input is changing from low to low 


Zo 


Output impedance 


The load impedance which should be connected to such devices as pulse generators 
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MITSUBISHI BIPOLAR DIGITAL ICs 

QUALITY ASSURANCE AND RELIABILITY 



1 INTRODUCTION 

IC & LSI have made rapid technical progress in electrical 
performances of high integration, high speed, and sophisti- 
cated functionality. And now they have got boundless wider 
applications in electronic systems and electrical ap- 
pliances. 

To meet the above trend of expanding utilization of IC & 
LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products to cus- 
tomers. 

Mitsubishi Electric places great emphasis on quality as a 
basic policy "Quality First", and has striven always to im- 
prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de- 
livery for IC & LSI, and has supplied highly reliable pro- 
ducts to customers for many years. The following articles 
describe the Quality Assurance System and examples of 
reliability control for Mitsubishi Bipolar Digital ICs. 

2. QUALITY ASSURANCE SYSTEM 

The Quality Assurance System places emphasis on built-in 
reliability in designing and built-in quality in manufacturing. 
The System from development to delivery is summarized in 
Figure 1. 

2.1 Quality Assurance in Designing 

The following steps are applied in designing stage for new 
product. 

(1 ) Setting of perfomance, quality and reliability target for 
new product. 

(2) Discussion of performance and quality for circuit de- 
sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar- 
dized design rule. 

(4) Functional evaluation for bread-board device to confirm 
electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 
chip to detect basic failure mode and investigate fai- 
lure machanism. 

(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. 

(7) Decision of pre-production from the standpoint of per- 
formance, reliability, production flow/conditions, pro- 
duction capability, delivery and etc. 

2.2 Quality Assurance in Manufacturing 

The quality assurance in manufacturing are performed as 
follows.^ 

(1) Environment control such as temperature, humidity and 
dust as well as deionized water and utility gases. 

(2) Maintenance and calibration control for automatized 
manufacturing equipments, automatic testing equip- 
ments, and measuring instruments. 



(3) Material control such as silicon wafer, lead frame, 
packaging material, mask and chemicals. 

(4) In-process inspections in wafer-fabrication, assembly 
and testing. 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assurance test 

-Electrical characteristics and visual inspection, lot by 
lot sampling 

-Environment and endurance test, periodical sampling. 

(7) Inventory and shipping control, such as storage en- 
vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. 

2.3 Reliability Test 

To verify the reliability of a product as described in the Mit- 
subishi Quality Assurance System, reliability tests are per- 
formed at three different stages of new product develop- 
ment, pre-production, and mass- production. 
At the development of new product the reliability test plan 
is fixed corresponding to quality and reliability target of 
each product, respectively. The test plan includes in-house 
qualification test, and TEG evaluation, if necessary. TEG 
chips are designed and prepared for new device structure, 
new process and new material. 

After the proto-type product has passed the in-house qual- 
ification test, the product advances to the pre-production. In 
the pre-production stage. The specific reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. 

In the mass production, the reliability tests are performed 
periodically to confirm the quality of mass production pro- 
duct according to quality assurance test program. 
Table 1 shows an example of reliability test program for 
plastic encapsulated IC & LSI. 



Table 1 TYPICAL RELIABILITY TEST PROGRAM 
FOR PLASTIC ENCAPSULATED IC & LSI 



Group 


Test 


Test condition 


1 


Solderability 


230°C , 5sec. Rosin flux 


2 


Soldering heat 


260°C , 1 Osec 


Thermal shock 


— SS^C, 125°C, 15cycles 


Temperature cycling 


-65°C, 150°C. lOOcycles 


3 


Lead fatigue 


250gr, 90", 2arcs 


4 


Shock 


1500G, 0. 5msec. 


Vibration 


20G, 100~20G0H2 
X, Y, Z direction 
4min./cycle, 4cycles/direction 


Constant acceleration 


20000G. Y direction, Imin. 


5 


Operation life 


Ta=Toprmax, Vcc^Vccmax 
lOOOhours 


6 


High temperature 
storage life 


Ta=150°C, lOOOhours 


7 


High temperature and 
high humidity bias 


85°C , 85%. 1 0OOhours 


Pressure cooker 


12rc, 100%, lOOhours 
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DESIGN/ 

PRODUCTION 

ENGINEERING 



MANUFACTURING 



QUALITY 
ASSURANCE 



PRODUCTION 
CONTROL 



[ MARKET SURVEY ) 



STRATEGIC PRODUCT PLAN ^ 



c 



BE5I5N/DJ 



( T RIAL PRObUC T IOKi; \ 



J 



QUALIFICATION (1) 



DECISION OF PRE-PRODUCTION 



C 



c 



PREPARATION 
OF SPECS / 



( PRE-PRODUCTION J- 



QUALIFICATION (2) 



DECISION OF MASS PRODUCTION 



9Mnii3!lilllllR 



r— 

(inventory) 



RETURNED PRODUCT 



^ PLAN. ^ 



/wafer FAB"y 

■(assembly y 



(JnIpection) 



quality data/failure analysis/quality 
improvement 



(MATERIAL \ 
INCOMING ) 
TEST / 



QUALITY 
ASSURANCE TEST 



^ INVENTORY A 2 
I CONTROL J ^ 
^ ■ ■ n 



LURE ANALYSIS/CORRECTIVE ACTION 



LURE ANALYSIS REPORT GENERATION 



n 



z 2 2 o 



FLOW OF PRODUCT 



• FLOW OF INFORMATION 



Flg.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM 



2.4 Returned Product Control 

When failure analysis Is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of "Analysis Re- 
quest of Returned Product" 

Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure analysis report is 



generated to the customer upon completion of the analysis. 
Failure analysis result enforces to take corrective action for 
the design, fabrication, assembly or testing of the product 
to improve reliability and realize lower failure rate. 
Figure 2 shows the procedure of returned product control 
frpm customer. 
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RETURNED PRODUCT 



ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 



FAILURE ANALYSIS 
I 



VISUAL INSPECTION 



ELECTRICAL 
CHARACTERISTICS TEST 



C 



CLASSIFICATION OF 
FAILURE MODES 



SIMULATION TEST 



LACCEPTAr^CE_ 



INTERNAL VISUAL 
INSPECTION 



CHIP ANALYSIS 



CONFIRMATION OF 
FAILURE CAUSE 



(INVESTIGATION OF CAUSE 



REPORT 
GENERATION 



REPORT TO 
CUSTOMER 



5t< 



SURVEY OF 
PROCESS RECORD 



PRELIMINARY 
CORRECTIVE ACTION 




CONFIRMATION 
OF QUALITY 



FIXED CORRECTIVE ACTION 
PREVENTIVE MEASURES 



Flg.2 PROCEDURE OF RETURNED PRODUCT CONTROL 



3 RELIABILITY TEST RESULTS 

The reliability test results for Mitsubishi Bipolar Digital ICs 
are shown in Table 2, Table 3 and Table 4. 
Table 2 shows the result of endurance tests of steady-state 
operation life and high temperature storage life test for rep- 
resentative types Of Bipolar Digital ICs, Transistor Array, 
High Speed Divider, Motor Driver Peripheral Driver, Latch- 
ed Driver, Programmable ROM and PLL Frequency Synth- 
esizer. From Table 2, the combined failure rate of Mitsu- 
bishi Bipolar Digital ICs is calculated 0.070% /lOOOhours 
(60% confidence level) at maximum rating of operating 
condition. 



Table 3 shows the result of environment test of temperature 
cycling, high temperature/high humidity and pressure cook- 
er test for the same type of products as of endurance tests. 
Table 4 shows the results of mechanical tests for repre- 
sentative products of various package types. 



1-20 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

QUALITY ASSURANCE AND RELIABILITY 



Table 2 ENDURANCE TEST RESULTS 








Steady-State Operation Life 


High Temperature Storage Life 






Test Conditions 


Nunriber 
of 

Samples 


Device 


Number 
of 

Failures 


Test Condition 


Number 
of 

Samples 


Device 


Number 
of 

Failures 


Circuit Function^\^ 


Type Number'^"^~-~^.^ 


Ta(°C) 


Vcc/Vo(Volts) 


Hours 


Ta(°C) 




Transistor 
Array 


M54519P 




40 


40 


40, 000 


0 




44 


44, 000 


0 


IVI54523P 


75 


50 


44 


88, 000 


0 


150 


22 


22, 000 


0 


M54594P 




80 


44 


88, 000 


0 




22 


22, 000 


0 


High Speed 


M54473L 


75 


5.5 


44 


44, 000 


0 


150 


22 


22, 000 


0 


Divider 


M54477P 


44 


88, 000 


0 


22 


22, 000 


0 


Moter 


IV/154543L 


75 


15 


44 


44, 000 


0 


150 


22 


22, 000 


0 


Driver 


IS/I54548AL 


16 


44 


44, 000 


0 


22 


22, 000 


0 


Peripheral 
Driver 


M 54601 P 


125 


5. 25 


38 


38, 000 


0 


150 


22 


22, 000 


0 


Latched 


M54975P 


75 


6 


44 


44, 000 


0 


150 


22 


22, 000 


0 


Driver 


M54977P 




80 


160, 000 


0 


22 


22, 000 


0 


Programmable 


M54700AP 


125 


5. 25 


114 


342, 000 


0 


150 


22 


22, 000 


0 


ROM 


M54741AP 


76 


228, 000 


0 


22 


22, 000 


0 


PLL Frequency 
,._,_9yn.th9§i;59r 


M54929P 


75 


5.5 


44 


44, 000 


0 


150 


22 


22, 000 


0 



Table 3 ENVIRONMENTAL TEST RESULTS 





-^-___Test 


Soldering Heat 
Tfiermal Shock 
Temperature Cycling 


High Temperature/High Humidity Bias 


Pressure Cooker 








260°C, lOsec 


















\Test Condition 


-55°C, 125°C. IScycles 


85°C,85% lOOOhours 


12rC,100%RH 240~ 


SOOhours 






-65°C, 


150t:, 100~300cycles 














Application \ 


Type NumberN^ 


Number 
of 

Samples 


Number 
of 

Cycles 


Number 
of 

Failures 


Number 
of 

Samples 


Vcc/Vo 
(Volts) 


Number 
of 

Failures 


Number 
of 

Samples 


Duration 
(hours) 


Number 
of 

Failures 


Transistor 
Array 


M54519P 


22 


100 


0 


22 


40 


0 


22 


240 


0 


M54523P 


22 


100 


0 


22 


50 


0 


22 


240 


0 


M54594P 


22 


300 


0 


44 


80 


0 


22 


500 


0 


High Speed 


M54473L 


44 


300 


0 


22 


5.5 


0 


22 


240 


0 


Divider 


M54477P 


22 


300 


0 


22 




44 


500 


0 


Moter 


M54543L 


22 


100 


0 


22 


15 


0 


22 


240 


0 


Driver 


M54548AL 


22 


100 


0 


22 


16 


0 


44 


500 


0 


Peripheral 
Driver 


M54601 P 


38 


300 


0 


38 


5. 25 


0 


38 


500 


0 


Latched 


M54975P 


44 


100 


0 


22 




0 


44 


240 


0 


Driver 


M54977P 


44 


100 


0 


44 


6 


0 


44 


240 


0 


Programmable 


M54700AP 


38 


300 


0 


38 


5. 25 


0 


38 


500 


0 


ROM 


M54741AP 


38 


300 


0 


38 


0 


38 


500 


0 


PLL Frequency 
Synthesizer 


M54929P 


22 


300 


0 


22 


5.5 


0 


22 


240 


0 



Table 4 MECHANICAL TEST RESULTS 





— ^.Jest 


Solderability 


Lead Fatigue 


Shock 
Vibration 
Constant Acceleration 




\Test Condition 


See Table 1 


See Table 1 


See Table 1 


Package Pin Count 


Type Number 


Number of Samples 


Number of Failures 


Number of Samples 


Number of Failures 


Number of Samples 


Number of Failures 


8P5 


M54473L 


22 


0 


15 


0 


22 


0 


9P9 


M54543L 


22 


0 


15 


0 


22 


0 


16P4 


M54519P 


22 


0 


15 


0 


22 


0 


24 P4 


M54820P 


22 


0 


15 


0 


22 


0 
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4 FAILURE ANALYSIS 

Accelerated reliability tests are applied to observe failures 
casued by temperature, voltage, humidity, current, mecha- 
nical stress and those combined stresses on chips and 
packages. 

Examples of typical failure modes are shown below. 

(1 ) Wire Bonding Failure by Thermal Stress 

Figure 3, Figure 4 and Figure 5 are example of a failure 
occurred by temperature storage test of 225°C , 
lOOOhours. 



Fig.3 

Micrograph of 
lifted Au ball trace 
on Al bonding pad 





Fig.6 

Micrograph of corroded 
Aluminum metallization 





Flg.4 Fig.5 
Au-AI plague formation Lifted Au wire ball base 
on bonding pad 

Enlarged micrograph of corroded 

Aluminum bonding pad 




Au-AI intermetallic formation so-called "Purple plague" 
by thermal overstress makes Au wire lift off from alumi- 
num metallization. The activation energy of this failure 
mode is estimated approximately 1.0eV and no failure 
has been observed so far in practical uses. 
(2) Aluminum Corrosion Failure by Temperature/Humidity 
Stress. 

Figure 6, Figure 7 and Figure 8 are an example of cor- 
roded failure of aluminum metallization of plastic en- 
capsulated IC after accelerated temperature/humidity 
storage test (pressure cooker test) of 12rc, 100%RH, 
lOOOhours duration. 

Aluminum bonding pad is dissolved by penetrated wa- 
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Figure 8. 



Fig. 8 

CI distribution on corroded Aluminum 
bonding pad 
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(3) Destructive Failure by Electrical Overstress 

Surge voltage marginal tests have been performed to 
reproduce the electrical overstress failure in field uses. 
Figure 9 and Figure 10 are an example of failure 
observed by surge voltage test. The trace of destruc- 
tion is verified as the aluminum bridge by X ray micro 
analysis. 



Flg.9 

Micrograph of surge 
voltage destruction 




Fig. 10 

Aluminum trace 
of destructive spot 



5 SUMMARY 

The Mitsubishi quality assurance system and examples of 
reliability control have been discussed. Customer's interest 
and requirement for high reliable IC & LSI are increasing 
significantly. To satisfy customer's expectancy. Mitsubishi 
as an IC vendor, would lii<e to make perpetual efforts in the 
following areas. 

(1 ) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action, and quicl< response to customer's analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 
provide quality and reliability data of Incoming inspection or 
field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 



(4) Aluminum Electromigration 

Figure 11 shows an open circuit of aluminum metalliza- 
tion in high current density region caused by acceler- 
ated operation life test. This failure is due to aluminum 
electromigration. Voids and hillock have been formed 
in aluminum metallization by high current density op- 
eration. 




Flg.11 

Voids and hillocks formation by Aluminum 
electromigration 
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1. INTRODUCTION 

LSTTL and TTL devices are designed for low power dis- 
sipation, liigh speed, and a high fan-out. In addition, since 
the DC noise margin is large and the output impedance is 
low, these devices are strongly designed against AC noise 
on the output pins. Use of these ICs permits the construc- 
tion of IC-based systems which are more effective and 
offer higher stability and reliability. Note that in general, ICs 
have a small logic amplitude and accompanying the adv- 
ances in switching speed, there are problems related to 
noise, mounting, and wiring which have a great effect on 
system design. Precautions to be taken with respect to 
these matters are explained below. 

2. TREATMENT OF ICs 
2-1 Supply Voltage 

The absolute maximum rating value of the supply voltage 
indicates the permissible value with respect to surge vol- 
tages added beyond the standard operating conditions and 
spike voltages generated in an excessive condition. When 
supply voltages above this value are continually applied, 
excessive current will flow due to such causes as break- 
down of the internal elements of the IC. The element may 
generate heat and be destroyed or the internal wiring may 
melt, and the function of the IC cannot be guaranteed. 
Therefore, be sure to use supply voltages within the values 
designated in the recommended operating conditions (e.g., 
Vcc=5V±10% or ±5%). 

2-2 Ambient Temperature 

The ambient temperature is broadly classified into operat- 
ing ambient temperature and storage temperature. Operat- 
ing ambient temperature (Topr) is generally divided into 
the public use field at 0 to 75°C or —20 to +75°C and the 
military use field at —55 to +125°C. Mitsubishi guarantees 
the electrical characteristics in the range of Topr=0 to 75°C 
or —20 to +75°C. Therefore, it is necessary to pay careful 
attention at the time of system design that use is in this 
range. Next, the storage temperature (Tstg) indicates the 
ambient temperature range at which changes or deteriora- 
tion of characteristics does not occur when the IC is stored 
in a non-operating condition. Mitsubishi guarantees devices 
over the range of —55 to +125°C or —65 to -|-150°C. These 
storage temperatures have been decided taking into 
account that the IC will be built into a machine and the con- 
ditions under which the IC will be shipped (especially air 
freight) . Careful attention must be paid to these tempera- 
tures, since, if they are exceeded, the IC may be destroyed 
or its reliability may drop markedly. 

2-3 Treatment Of Unused Inputs 

(1) Method in which unused input pins are gathered 
together and connected to other driven inputs within 
the same gate (Fig. 1. (a)) 

In this case, since the inputs are always high or low 
level, the noise margin is not worsened and the junc- 



tion capacitance between the base and emitters of the 
multiemitter transistor of the input acts a speed-up 
capacitor to provide high-speed operation. It is also 
good practice to make connections to nearby pins and 
so wiring is simple. Note that since there is an increase 
in the high-level output current of the output of the gate 
of the previous stage, it is necessary to pay attention to 
the fan-out of the gate of the previous stage. With the 
exception of this point, this is the very best method. 

(2) Method in which connections are made to the IC power 
supply (Fig. 1 (b)) 

The unused inputs become completely reverse biased 
and this is the best method with respect to the noise 
margin. 

In this method, the inputs connected to the power 
supply become grounded in terms of AC and whenever 
the voltage level of the drive inputs changes, the junc- 
tion capacitance of the inputs connected to the power 
supply is charged and discharged and the operating 
speed is slowed down by several percent. There is 
also the fear of the inputs being destroyed by power 
supply spikes and so it is desirable to avoid using this 
method. However, when connections are made from 
the power supply to the input pins via a resistor, such 
connections strongly resist power supply noise for 
which this method is the best. 

(3) Method in which connections are made to a power 
supply of approximately 3 to 3.5V (Fig. 1 (c)) 

The voltage applied to the inputs can be adjusted to 
the minimum necessary value, but there will still be the 
proiblems encountered in section (2) with respect to 
operating speed and wiring complexities. 

(4) Method in which the input leads are left open (Fig. 1 
(d) and (e)) 

This is the simplest method, but while the potential of 
the open inputs is a value close to the threshold vol- 
tage of the inpus and the base-emitter forward voltage, 
especially when the other driven inpus are high level, 
careful attention must be paid to noise on these open 
inputs because of the threshold potential. 
When the drive inputs are kept at low level for a long 
period (several tens of seconds), the charge that has 
gathered in the capacitance of the open inputs will be 
discharged by the reverse-direction resistance 
(extremely high) of the emitter-base junction. Next, 
when the drive inputs have become high level, the 
capacitance of the open inputs becomes high level 
while charging and as a result, the operating speed is 
slowed down somewhat. One practice that should be 
avoided is leaving the unused inputs (including the 
set/reset pins of flip-flops) in a wired condition without 
applying a determined voltage since the wiring will act 
as an antenna and the inputs will be susceptible to 
even small amounts of noise as a result. 
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Co- 



E o- 

I9z 



[> 



AO- 



Co- 



Eo- 



Open 

Co 



Do- 



F °- 



o- 



Do- 



o 



5V iC power supply 



>1~10kfi 



(b) 



3-3. 5V 



Open 



(d) 



Open 





(f) 



(5) Method In which connections are made to the output 
pin of the gate (Fig. 1 (f)) 

In this method, when using one NAND gate for exam- 
ple, the gate input is grounded and the output is al- 
ways maintained 'at high level; this output pin is con- 
nected to the unused input pins. In this instance, output 
voltage Vqh is about 2.4 to 3.5V in normal TTL, a value 
which is lower than the power supply value of section 
(2) above. Incomparison with section (2) , the accumu- 
lated charge in the input capacitance is held to a mini- 
mum, and the switching characteristics and noise mar- 
gin will be under the same conditions as the input pins 
used in the basic gate. There will not be the problem 
of the absolute maximum rating value of the input vol- 
tage (5.5V for TTL) which occurred section (2), and ex- 
cepting the wiring complexities and the requirement of 
extra ICs, this is the best method. 

2-4 Abnormal Oscillations 

This oscillation phenomenon is often seen in ICs with cur- 
rent sources. For example, when an input waveform with a 
rise time of over 1 us is input to the gate, the output under- 
goes an oscillation of several tens of MHz. When the rise 
time is slow, this oscillation occurs because of the long in- 
put application time in the vicinity of the threshold voltage. 
To prevent this oscillation, set the rise (fall) time of the in- 
put waveform to less than 1 us. Furthermore, it is necessary 
to insert a waveform shaping circuit to the input and correct 
the rise (fall) time. 

2-5 The Problem Of Output Load 
Capacitance 

Induction noise on the transmission line is generally re- 
moved by inserting a capacitor at the output of the IC or 
between the transmission line and ground. This capacitor is 
charged when the output is high level and is discharged 
through the output transistor when the output is low level. 
Note that when the capacitor is very large, excessive cur- 
rent will flow momentarily and cause deterioration of the IC. 
The selection of this capacitor does have a relationship 
with the period of the output of the IC, but in general a 
value of less than 0.1// F is used. A commonly used method 
for preventing the deteriorization of the IC is to insert a 
small (protection) resistor In series between the output and 
the capacitor. 

2-6 Relationship Between The Clock 
And The Data 

The relationship between the trigger time of the clock input 
and the data is specified for flip-flops or counters and shift 
registers made up of flip-flops. That is, the setup time (tsu) 
and the hold time (th) are shown in the recommended 
operating conditions. Attention must be paid to these vari- 
ables since erroneous operation will occur if the IC is used 
outside of this range. 



Flg.1 Methods of Processing Input Pins 
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When the output level 
of the driver is "L" 



loL liLi (-1.6mA) 



(16mA) 
1/4 M53200P 



1/4M53200P 



~l y (0.4mA) 

1/4 M53200P 



When the output level 
of the driver is "H" 



When the output level 
of the driver is "L" 



liL2 (-1.6mA) 



1/4 M53200P 



liL3 (-1.6mA) 



1/4 M53200P 



1/4 M53200P 



o 

1 /4 M53200P 



(-1.6mA, 40aA) 
Fo=lO 1 . ^ 1/4M53200P 



l|H2 (40yuA) 



I|H3(40a/A) 



1/4 M53200P 



(80//A) 



liun-i 



M53272P 



l|Hn-i 









M53200P 



M53272P 



(-1.6mA, 40// A) 

1/4 M53200P 



(-1.6mA, 40aA) 

1/4 M53200P 



(-3. 2mA, 80// A) 
2 C M53272P 



liHn (200// A) 



L. 



5 (-8mA, 200// A) 



1 6- ( 1 . 6+1 . 6+1 . 6+3. 2) ==8mA drivable 
Drivable Conditions 

1 . When the input currents of each of the 
load circuits differ 

ll^l^ljkil (1) 
2. When the input currents of each of the 
load circuits is the same 

li^l^Folkl (3) 



400- (40+40+40+80) =200^/ A drivable 
Drivable Conditions 

1 . W^en the input currents of each of the 
load circuits differ 

I I ^1, 1 U I (2) 

When the input currents of each of the 
load circuits is the same 



10- (1+1+1+2) =5 drisable 
Drivable Conditions 

Fo^ Total sum of the input load coeffi- 



2. 



I^FoIi.hI 



(4) 



Fig.2 



Calculation of the Number of Loads 
by Input/Output Currents 



cients 



Flg.3 



(5) 



3. 



PRECAUTIONS TO BE TAKEN FOR 
SYSTEM DESIGN 
3-1 Method Of Calculating Fan-out 

The number of loads that can be driven by the circuit are 
within the specified value range of the circuit output vol- 
tage, Vol and Vqh, and are found from the relationship be- 
tween the output current of the drive circuit, Iql and Iqh. 
and the Input current of the load circuit, Iil and Iih. The 
value can be found from the relationship formulae shown in 
formufa (1 ) and formula (2), and if the number of loads within 
this range Is satisfactory based on these formulae, driving 
of the ICs is possible. (See Fig. 2.) 

I 'oL I ^,1, I liHi i (When the output level of the drive 

circuit is low level) (1) 

I 'oh I I iiHi I (When the output level of the drive 

circuit is high level) (2) 

Here, if the load circuits are all identical circuits or they 
have the same input current characteristics, and the num- 
ber of loads is defined as Fqh when the output is high level 
and as Fql when the output Is low level, formula (1) and for- 
mula (2) will be as follows: 

I loL I ^FoL I i|L I -is) 
I loH I ^FoH I i|H I • ^ (4) 

Fql and Fqh each have equivalent cases as well as differ- 
ences. Generally, In terms of system design, the worst- 
case value is used for the number of fan-outs Fq. In this 



Calculation of the Number of 
Loads by Input Load 
Coefficients 

way, when the input currents of each of the load circuits are 
the same, the number of loads can be easily found from 
formula (3) and formula (4). In actuality, there are a large 
number of cases where the input currents differ depending 
on the circuit, and the calculation of the number of loads 
must be found from formula (1) and formula (2) and becomes 
extermely complex. 

In the M53200P series, input load coefficients and fan-out 
Fo values are used so that such complex circuit connection 
relationships can be hadled simply. As a result, the calcula- 
tion of the number of loads has been greatly simplified by 
only performing addition and subtraction of the input load 
coefficients and the fan-out Fq as shown in Fig. 3. 
The input load coefficient may be described by setting the 
maximum value of the basic input current of the basic gate 
circuit to 1 and comparing the maximum value of the input 
current of the other circuits such as flip-flops. This value 
expresses the number of input loads of the circuit. In the 
case where the fan-out Fq drives circuits of input load 
coefficient 1 , the number of circuits that can be driven is in- 
dicated and the value has the same significance as the Fq 
mentioned in formula (3) and formula (4). 
In the case of the TTL M53200P series, the basic currnet is 
l,L= — 1.6mA and I,h = 40//A, which is set as input load 
coefficient 1 . 
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3-2 And Ties 

In this instnace, the output pins of the circuits are simply 
connected together and the operation of the AND function 
can be accomplished. This type of connection is called a 
"wired AND", "dot AND," or "AND tie." 
When making AND ties, attention should be paid to the fol- 
lowing matters as explained in the example of Fig. 4. From 
among the several AND-tied (M) circuits, when only one of 
the circuits is in the "ON" state (output low level) and the 
remaining circuits are all in the "OFF" state (output high 
level), (in terms of AND tie circuit function this combination 
is the worst-case conditin for a circuit in the "ON" state) 
current will flow into the output pin of this circuit in the 
"ON" state. The currents that flow will not only be input 
current Fq • Iil of the fan-out F© section connected as a 
load, but also the total sum (M-1) • los- of currents 1^ 
close to each of output short currents Iqs ^rom all circuits 
(M-1) that are in the "OFF" state from among the circuits 
connected as an AND tie. 

on;' 21^ Fok Vl 
1 



"OFF" u:: 

I 'OS' 



'(M-1) los- 



lo 



Hi. 

(Dot AND) (Fan-out) 
From the diagram 2Iol=(M— 1)*los' + Fo*Iil 
From the specifications SIol^'ol 
. I^-(M-1)-I^ 



Therefore 



Vcc-Vo 



Iil 



Flg.4 Relationship Between AND Tie Connections 
Fan-outs 

Because of this the load currents Iql g[ the AND-tied circuit 
will become a current greater than the specified value. Iql 
is expressed in calculation formla(5). 

2l^=(M-l)-l^+Fo-l,L (5) 

When finding from this formula the number of fan-outs Fq 
that can be driven in the case of AND ties, it is necessary 
that 

Iql is smaller than the specified value Iql si^id so we 
get. 

SIol^Iql ^—(6) 
and from formula (5) and formula (6) we get 
l^-(M-1)»l^ 



Fo^- 



l.i 



(7) 



However, los=~ 



which is smaller than the general fan-out Fq^Iol/Iil- 
Accordingly, in the case of making AND ties, it is necessary 
to use reduced number of fan-outs from the AND ties. In 



addition, when all of the AND-tied circuits are in the "OFF" 
state, the collector load resistors Rc of the circuits will be in 
a parallel condition and the combined resistance will be 1/ 
M. This has the role of pulling up output voltage Vqh; 
however, examination of the "OFF" state is not necessry. 

3-3 Selection Of Load Resistors 
For And Ties 

When using AND-tied open collector gates or when using 
the collector gates independently, the maximum load re- 
sistance (Rtcmax)) and the minimum load resistance (Rl 
(min)) is found in order to guarantee the fan-out and values 
are taken from within this range. The general formula used 
to find Rl is shown below: 
Vrl 



Rl=- 



provided that Vrl is the voltage drop across Rl Unit (V) 
and Irl is the currnet flowing through Rl Unit (A) 
The maximum load resistance (RL(max)) is found when the 
outputs are all in the high-level state. For example, when 
the number of fan-outs is expressed as M and the number 
making up AND ties is expressed as N, (Fig. 5) 

Vrl~Vcc~"Voh 
and according to Irl=M»I,h+N*Ioh 

_ _ Vcc— VoH 

Rumax)- m.|,h+N.Io„ 

The minimum load resistance (RL(min)) is found when one 
of the outputs is in the low-level state and is expressed by 
the following formula: 

p . Vcc-VoL 
"'-^'^'"^""loL(max)~N. II.lI 
Table 1 is compounded from these formulae. 



Ic 

i< 

l( 



TTL loads 



N=4 

Calculation formula 




o _ Vcc-VoH 
Rumax)- M.|,H+N.loH 

Example Vcc=5V, M=4, N=4 

When loH=250;uA, I,h=40a^A 

5—2. 4 

RL(max)= o_ 0001 6+0. 001 ^^^^^ ^ 
Flg.5 Worst-case Conditions for Finding RL(max) 
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Rl 



V,L y > 

v„oxf~y— 




One of the outputs is low level 
Calculation formula 



RL(min)— 7 



Vcc-Vo 



'oL(max)— M* I Iil I 
Example Vcc=5V. M=4, ioL(max)=16mA 



When loL=1.6mA 



5-2.4 



r=479n 



•umm; 0.0016+0.0064 " 
Fig.6 Worst-case Condltionp for Finding RL(min) 

4. PROBLEMS RELATED TO MOUNTING 

AND WIRING 
4-1 Oscillations Due To Wiring 

Impedance 

This oscillation phenomenon is caused by the oscillation 
due to the slow rise (fall) time of the input voltage men- 
tioned in section 2-4. Approximately los/2 flows in the out- 
put, and a loop can be made via the base resistor of the in- 
put transistor of the IC by means of voltage fluctuations 
from the power supply and the wiring impedance. This is 
how the oscillation is formed. The oscillation frequency at 
this time is about 25 to 50MHz. A preventive mettiod is to 
be cautious of the voltage fluctuations from the common im- 
pedance of the power supply and insert a bypass capacitor 
at the card unit so that the oscillation can be reduced. 

4-2 Crosstalk Between Lines 

When using single wires and twisted wires in the transmis- 
sion line, crosstalk is roughly proportional to line length for 
each kind of wire up to line lengths of about 1m and induc- 
tion noise will increase. In this range, reducing the capaci- 
tance between the signal line and the noise line will pre- 
vent the crosstalk. Compared to single wires, twisted wires 
reduce the induction noise voltage to about one half value. 
When line lengths exceed 1m, lines other than twisted lines 
will become , saturated. Especially when single lines be- 
come longer than 2m, positive pulses of 4V are superposed 
on the high level. Caution is required in this regard since 
there is a greater possiblity of destroying the input section 
of the IC. 



4-3 Wiring Precautions 

One. of the first precautions in wiring design is to insert a 
ground line between signal line and signal line and it is 
effective to establish a large ground line on one side. Also, 
the basics of wiring is to have narrow print strips, wide in- 
tervals, and short line lengths. 
4-3-1 Supply Voltage 

The supply viotage is within the range of Vcc = 5V ±5% 
designated in the recommended operating conditions and 
the power supply fluctuation rate and ripple are low. 
Especially when using high-speen TTL, noise is generated 
by current spike voltage and since the capacitance of the 
power supply is increased, it is necessary to lower the im- 
pedance of the power supply and supply line. 
The measures to be taken of course deal with the power 
supply itself. Insert steel titanate type capacitors (0.01 to 
0.1 luF) having excellent high-frequency characteristics be- 
tween the supply line and ground at suitable intervals (5 to 
10 packages of IC) and lower the impedance with respect 
to high frequencies. 
4-3-2 Ground Line 

Noise is generated by the common impedance of the 
ground line, and when the ground line is grounded at a 
multiple points, voltage is induced by the external electro- 
magnetic field and there are many such cases where this 
leads to noise. Measures to be taken for the ground line 
are to use an exclusive ground plate and to completely 
separate it from the grounds of other power systems and 
electronic device systems. In addition, reduce the impe- 
dance of the ground line, and use a one-circuit one-ground 
system for the ground lines of each of the circuits. 

4-4 Rationalization Of Transmission 
Impedance 

Generally, a value of about 50 ohms is appropriate, but 
when there is a lot of electromagnetic induction, it is desir- 
able to transmit at high level even though the impedance 
may become a little high. 

4-5 Measures Against External Noise 

Interference 
4-5-1 Noise Due to Electromagnetic Induction 

This noise occurs when a magnetic field generated by cur- 
rent flowing in a noise-generatig circuit crosses a signal 
circuit. Measures that may be taken: 

(1) Twist together the return wires of the circuit that is the 
souce of noise and cancel the magetic field being 
generated. 

(2) Twist together the return wires of the signal circuit and 
induce the voltages in the same direction to cause 
cancellation. 

(3) Increase the distance between the noise-generating 
circuit and the signal circuit. 

(4) Establish a suitable magnetic shield between the two 
circuits. 

(5) Shorten the length of interfering wiring. 
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4-5-2 Noise Due to Static Induction 

This noise Is generated wlien the noise-generating cirucit 
and the signal are separated by some induction material 
and the voltage levels differ. Measures to be taken: 

(1) Increase the distance between the wires. 

(2) Reduce the dialectric constant between the wires. 

(3) Reduce the diameter and length of the wires. 

(4) Reduce the potential difference between the wires. 

(5) Establish a static shield. 

4-5-3 Noise Due to Common Impedance 
When the signal circuit and the circuit of the source of 
noise are joined by the common impedance of the ground 
line, a voltage is generated in the ground line by the cur- 
rent flowing in the noise source and this becomes the noise 
signal. In addition, when the ground line is grounded at 
multiple points, a closed circuit is formed mutually between 
the ground lines, and when a voltage is induced within this 
loop by the changes in the external magnetic field, this vol- 
tage may become the noise signal. Measures to be taken 
include: 

(1) Completely separate the grounding system of the sig- 
nal circuit from the power line grounding system of 
other electrical devices. 

(2) Reduce the impedance of the ground line. 

(3) Use the one-circuit one-ground method for the ground 
lines of each of the circuits. 

Table 1 Selection of Load Resistors for AND Tie Con- 



nections 

(Vcc=5V) (Unit: a) 



Fan-out 
number 

(M) 


Number of AND tie outputs (N) 


1 


2 


3 


4 


5 


6 


7 


1—7 


1 


8965 


4814 


3291 


2500 


2015 


1688 


1452 


319 


2 


7878 


4482 


3132 


2407 


1954 


1645 


1420 


359 


3 


7027 


4193 


2988 


2321 


1897 


1604 


1390 


410 


4 


6341 


3939 


2857 


2241 


1843 


1566 


1361 


479 


5 


5777 


3714 


2736 


2166 


1793 


1529 


1333 


575 


6 


5306 


3513 


2626 


2096 


1744 


1494 


1306 


718 


7 


4905 


3333 


2524 


2031 


1699 


1460 


1280 


958 


8 


4561 


3170 


2429 


1969 


1656 


X 


X 


1437 


9 


4262 


3023 


X 


X 


X 


X 


X 


2875 


10 


4000 


X 


X 


X 


X 


X 


X 


4000* 




Ru(max) 


Ri_(min) 



X : Avoid this combination 

* : When M = 10, Ru(min) = oo, but RL=4000n is recom- 
mended for reason of guaranteeing the high level, etc 
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TYPE 8P4 8-PIN MOLDED PLASTIC DIP 



Dimension in mm 



8 



o 



LJ I I CZF 



1-0.3 
-0.1. 



2.54±0.25 



0.5MIN 



4.5MAX 



3MIN 



,-1-0.3 



0.27] 



0.05 



7.6-10 



TYPE 8P5 8-PIN MOLDED PLASTIC SIP 



Dimension in mm 



n 



in (\j 
o d 

+ I 



0.5 + 0. 1 (1 
1 2+0.3 
.'•^-0.1 



7 + 0.07 
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TYPE 9P9 9-PIN MOLDED PLASTIC SIP 

^^^^ 



Dimension in nnnn 



+ 0.2 



0.6±0.1 



® 

2.54 + 0.25 



1 



JT 



5T7 



in cvj 
o o 

+ I 



(D 



0.8 + 0.1 



3.5 + 0.1 



TYPE 10P2-C 10-PIN MOLDED PLASTIC FLAT 



o 



1.27±0.1 



0.45 + 0.1 







— r 


6.13±0.3 


8±0.2 
MAX 2 



Dimension in mm 



5.3 ±0.3 



in 
o 






d 

+1 
tn 


( 


\ 




\ 


/ 



0.5±0.2 



8.1 2 ±0.3 
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TYPE 10P5 10-PIN MOLDED PLASTIC SIP 



,+0.5 
--0.2 




3 



Dimension in mm 



2 8±0.2 



0 27 + 0 07 
"•"^ -0 05 



TYPE 12P5 12-PIN MOLDED PLASTIC SIP 



30.31 



+0.5 
-0.2 




Dimension in mm 



2. 8±0. 2 



0. 25; 



+0.1 
-0.05 



1.2±0.1 
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TYPE 12P9 12-PIN MOLDED PLASTIC SIP Dimension in mm 



a + 0.5 




0.6 + 0.1 



TYPE 12P9B 12-PIN MOLDED PLASTIC SIP(SHRINK) 



Dimension in mm 



1 \ 1 I 
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TYPE 14P4 14-PIN MOLDED PLASTIC DIP 



(0) 



D 



o 



® 



(D 



0 5±0 1 



Dimension in nnm 



TYPE 16P2 16-PIN MOLDED PLASTIC FLAT 

(0) (D 



o 



nni y y y y y 



® 



1 .27+0.2 



Dimension in mm 



0.05 
MIN 



0.45+0.1 



0.15 



+0.07 
-0.05 



E 



9.4+0.2 
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TYPE 16P4 16-PIN MOLDED PLASTIC DIP 



Dimension in mm 



-0 5 
-0 2 




o 



fn 



2 54±0 25 



+ 0 3 
-0 1 



4 



0 5±0 1 



-0 05 



7 6-10 



TYPE 16S1 16-PIN METAL-SEALED CERAMIC DIP 



Dimension in mm 





C=I C=3 1=3 1=1 ^ 


(D 


j 


C=3 C=3 C=J C=3 


p=I TTl 

/ 





(D 




2.54+0.25 



8.15MAX 



4 2MAX 



0.46 + 0.1 
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PACKAGE OUTLINES 



TYPE 18P4 18-PIN MOLDED PLASTIC DIP 



-0.2 



O 



(D 



hO.3 



\J 

0.5 + 0.1 



0.5MIN 



Dimension in nnm 



3MIN 



I J 



-0.05 



TYPE 1881 18-PIN METAL-SEALED CERAMIC DIP 



® 



20.32+ 0.15 



0 89 + 0.3 



Dimension in nnnn 



3.07±0.6 



3.61±0.45 



a 



0.46±0.05 



2.54+0.15 



0.25±0.8 



, + 1.5 
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TYPE 20P2 20-PIN MOLDED PLASTIC FLAT 



o 



m 



1.27+0.2 



0.45±0.1 



12.5+0.2 



Dimension in mm 



0.05 
MIN 



0.15 



+0.07 
-0.05 



TYPE 20P4 20-PIN MOLDED PLASTIC DIP 



-0.5 



LJ l_l L__J LJ LJ LJ 

® 



2.54 + 0 25 



JZL 



o 



LJ l_l LJ U' 




1 c +0 3 1+0 3 
^ ^ -0.1 ^-0 1 



4.5MAX 



3MIN 



Dimension in mm 



° 27_o.05 



7.6-10 
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TYPE 20P4B 20-PIN MOLDED PLASTIC DIP 



Dimension in mm 



nnnnnnnnnn 



O 



uuuuuuuuuu 

® ® 



z^s^-^ 0°~15° 



g + 0.5 

^-0.2 



1 .778+0.25 



_ _ - _ J 



0.48±0.1 



TYPE 22P4 22-PIN MOLDED PLASTIC DIP 



Dimension in mm 



,nnnnnnrnr-imrnr-i 



o 



o 



u uu uuuuuuuu 

® (Q) 




J. \ ; 



-0.05 
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PACKAGE OUTLINES 



TYPE 24P4 24-PIN MOLDED PLASTIC DIP 



Dimension in mnn 



nnnnnnnnnnnn 



o 



uuuuuuuuuuuu 




2.54 + 0.25 



0.5M1N 



0.27 



+ 0.1 



TYPE 28P4 28-PIN MOLDED PLASTIC DIP 



Dimension in mm 



36.7' 



nnnnnnnnnnnnnn 



o 



uuuuuuuuuuuuuu 




0.5MIN , 2.8M1N 



0.5 + 0. 1 





f 


j 


V \ . 




0.27 


+ 0 
-0 


07 
05 


15 


.2- 


17 
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TYPE 28P4B 28-PIN MOLDED PLASTIC DIP(LEAD PITCH 1.778mm) 



Dimension in mm 



.4-0.5 
^-0.2 



nnnnnnnnnnnnnn 



o 



o 



"UUUUUUUUUUUUUU 

® (3) 




5. 5MAX 
2.8MIN 



-10. 16±0.3 



.1 



0 27 + °-°^ 
-0. 05 



TYPE 28P4B-A 28-PIN PLASTIC DIP (SHRINK) 



Dimension in mm 




u uu u u 

0 



Q+0.5 



fa 



1.78±0.25 



a 



00 2 
^5 



0.5±0.1 

1+0.3 
-0.1 



o o 

+ I 
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PACKAGE OUTLINES 



TYPE 30P4B 30-PIN MOLDED PLASTIC DIP(SHRINK) Dimension m mm 









0.5 


VIIN 



10. 16±0.3 



0 27 



-0 07 
-0 05 



TYPE 32P2W-A 32-PIN MOLDED PLASTIC FLAT 



Dimension in mm 



BRBBBRBBflBBBflBfiB 




o 


o 






yyyyyyy 



0.4+0.1 



-X 



0.05 
MIN cr> 
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PACKAGE OUTLINES 



TYPE 42P4B 42-PIN MOLDED PLASTIC DIP(SHRINK) 



Dimension in mm 



36 7 ' 



mnnnnnnnnnnnnnnnnnnn 



O 



juuuuuuuuuuuuuuuuuuu a 




0 5MIN,' 2 8MIN 













0 27!0 


07 
05 




L ^ 


17 
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DESCRIPTION 

The M54101P is a semiconductor integrated circuit contain- 
ing a differential amplifier and Schmitt circuit suitable for 
temperature control. 

FEATURES 

• Suitable for high precision temperature control circuits 

• High output current, high breakdown voltage (lo=40mA, 
Vo=30V) 

• Wide operating temperature range (Ta=— 20~4-75°C) 
APPLICATION 

General purpose, for use in industrial and consumer equip- 
ment 

FUNCTIONAL DESCRIPTION 

Designed for detecting minute changes in voltage and cur- 
rent, this IC is especially suitable for temperature control 
circuits using thermistors as sensors. Besides containing 
the differential amplifier and Schmitt circuit necessary for a 
control IC, it also employs a constant voltage circuit enabl- 
ing usage of a 12 ~ 16V power supply source. Being an 
open collector, output Os can be used to drive a relay or a 
lamp. Further, in the output Os circuit is a diode limiter 
which can be used in case of relay overload. 



PIN CONFIGURATION (TOP VIEW) 



DIFFERENTIAL d rT 
AMPLIFIER INPUT Pi I ' 



DIFFERENTIAL n F?" 

AMPLIFIER OUTPUT L£. 

Vcc (T 

Vs |T 

SURGE On-^IT 

ABSORBING PIN ° « — 

SCHMITT OUTPUT Os |T 

GND [T 



14]. 
1- 

n]. 
1- 

1 

1- 



GAIN 

CONTROL 
PINS 



„ DIFFERENTIAL 
■ Ba AMPLIFIER INPUT 



_^ n DIFFERENTIAL 
'-'2 AMPLIFIER 
OUTPUT 

♦-Si SCHMITT INPUT 



Q NOISE ABSORBING 

02 PIN 



Outline 14P4 



CIRCUIT SCHEMATIC 




^GND 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta= -20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vs 


Supply voltage 




20 


V 


V, 


Input voltage 




Vcc (Note 1 ) 


V 


V,D 


Differential Input voltage (Note 2) 




±5 


V 


Vo 


Output voltage 


"H" level state 


30 


V 


lo 


Output current 


"L" level state 


50 


nnA 


Vr 


Reverse voltage 




30 


V 


Pd 


Power dissipation 




500 


mW 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55—1-125 





Note 1 : Vcc is value of voltage at pin 3. 

2 : Voltage difference between inputs Bi and B2 
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RECOMMENDED OPERATING CONDITIONS (Ta= -20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vs 


Supply voltage 


12 


14 


16 


V 


Vo 


Output voltage 


"H" level state 






Vs 


V 


loL 


"L" level output current 


Vol = 0. 6V 






40 


mA 


Ias 


Total output current (Note 3) 






-4 


mA 



Note 3 This is the total of all output current (excluding pins 4, 7). 



ELECTRICAL CHARACTERISTICS (Ta= -20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


1 emp \\j ) 


Limits 


Unit 


Test circuit 


Min 


Typ* 


Max 


Vcc 


Supply voltage 


Ice = -2mA 
Vbi = Vb2 = 1.6V 
12, 13, 14 Connected 


Vs= 12V 




7.8 




9.6 


V 


1 


Vs= 16V 


Regi 


Regulation 1 (Note 4) 


Ice = -2mA, Vbi = Vb2 = 1 • 6V 
12, 13, 14 Connected 


425 






0. 22 


V 


1 


Regg 


Regulation 2 (Note 4) 


Vs=14V, Vbi = Vb2=1.6V 
12, 13, 14 Connected 


25 






0. 22 


V 


1 




Input bias current 


Vbi = Vb2= 1.6V 
12, 13, 14 Connected 


Vcc = 8. 7V 








17 


uA 


2 


Vcc = 9. 6V 






20 


Voo 


Output offset voltage (Note 5) 


Vbi = Vb2= 1.6V 
12, 13, 14 Connected 


Vcc = 8. 7V 








0.5 


V 


3 


Vcc =^ 9. 6V 






0. 55 


Gv 


Voltage gain (Note 5) 


Vbi = 1.65V 
Vb2= 1.6V 
12, 13, 14 Connected 


Vcc = 8. 7V 


-20 


3. 95 




5. 55 


V 


3 


25 


3. 75 




5. 15 


75 


3. 35 




4. 95 


Vcc = 7. BV 


-20 


3. 25 






25 


3.15 






75 


2. 85 






Vcc = 9. 6V 


-20 






6. 25 


25 






5. 75 


75 






5. 45 


Gv 


Voltage gain (Note 5) 


Vbi = 1 . 6V 
Vb2 = 1 . 65V 
12, 13, 14 Connected 


Vcc = 8. 7V 


-20 


3. 95 




5. 55 


V 


3 


L 25 


3. 75 




5. 15 


75 


3. 35 




4. 95 


Vcc = 7. 8V 


-20 


3. 25 






25 


3. 15 






75 


2. 85 






Vcc = 9. 6V 


-20 






6. 25 


25 






5. 75 


75 






5. 45 


Vt+ 


Positive-going threshold voltage 


Vcc = 8. 7V 


-20 


3. 75 




4.45 


V 


4 


25 


3.8 




4.4 


75 


3. 75 




4. 45 


Vcc = 7. 8V 


-20 


3.3 






25 


3. 35 






75 


3.3 






Vcc = 9. 6V 


-20 






4.9 


25 






4. 85 


75 






4.9 



Continue to next page 
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ELECTRICAL CHARACTERISTICS (continued) 



Symbol 


Parameter 


Test conditions 


Temp(°C) 


Limits 


Unit 


Test circuit 


Min 


Typ 


Max 








20 


3. 15 




3. 85 










Vcc — ' * 


CO 


3. 2 




3. 8 












75 


3. 15 




3. 85 












20 


2. 75 










vt— 


• 

, Negative-going threshold voltage 


Vcc — /. ov 


25 


2. 8 






y 


5 








7C\ 
/3 


2. 75 
















20 






4. 25 










Vcc — 9- "V 


25 






4. 2 












75 






4. 25 












20 


180 














Vcc = 8. 7V 


25 


1 QQ 












"Vt+" input current 




75 


80 






mA 


4 


It+ 




-20 


200 










Vcc = 9.6V 


25 


110 
















75 


90 










•oh 


"H" level output current 


Vsi = 3. 2V. Vcc == 9. 6V, Vqh = 16V 








250 


mA 


5 


Vol 


"L" level output current 


Vsi = 4. 5V. Vcc = 7. 8V, Iql = 40mA 






0.3 


0.6 


V 


4 


Vo 


Output voltage 


Vsi = 3. 2V, Vcc = 8. 7V, Iq = 1 mA 




30 






V 


6 


Vr 


Reverse voltage 


Vos = OV, Ir= 1mA 




30 






V 


7 


Vf 


Forward voltage 


VoD = OV, If = 20mA 


25 






1.2 


V 


7 


Is 


Supply current 


Vbi = Vb2 = 1.6V, Vs= 16V 
12, 13, 14 Connected 


25 






13 


mA 


' 8 



* : A typical value is at Ta=25°C. 
Note 4 : Conditions of Regulation 1 and Regulation 2 are set as follows ■ 

Reg 1 = Vcci (Vcc when Vcc = 16V) - Vcc2 (Vcc When Vs = 12V) 

Reg 2 = Vcci (Vcc when II = circuit current+2mA) — Vcc2 (Vcc when II = circuit current+6mA) 
5 : All parameters are set at 1 Voi— V02 I • 



TEST CIRCUITS 



Vs 



I Ice I 



Vbi 

O 

OPEN- 



OPENS 



Vs 

Bi 




O1 




Vcc 


E2 


Od 


B2 


Os 


O2 


S2 


Si 


GND 





-OVb2 



> OPENS 



OPEN 
O 



VbiO- 



OPEN— 



OPENS 







01 




Vcc 


E2 


Od 


B2 


Os 


O2 


S2 

GND 


Si 



-OVb; 



OPENS 



OPEN 



VbiO 


Bi Ei 
O1 c 


? 


VccO 


Vcc E2 




Od B2 


OPENS ] — 


Os O2 


V01 I — 


82 Si 




GND 



T 



-OVb2 



■ OPEN 
Vo 
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OPEN 



OPENS j 
Vcc O 



. OPEN- 



OPEN- 





Ei 




C 


Vcc 


E2 


Od 


B2 


Os 


O2 


S2 


Si 


GND 





T 



> OPENS 



OPEN 



OPENS I ' 
VccO 



•oh oPEN- 



VohO- 



OPEN- 
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APPLICATION EXAMPLES 
Basic ON/OFF thermo-circuit 



Ei C E2 B2 O2 Si S2 
M54101P 

B1O1 VccVsOqOsG 




-Jr12~16V 



FIg.l CIRCUIT 



< LU 

CC CL 

\^ 2 

Q. Ill 

O h- 



RELAY ON 




RELAY OFF 



M = 1 Sdeg 



500 1000 
VR RESISTANCE (H) 
Flg.2 EXAMPLE CHARACTERISTICS 



The differential amplifier connections Bi and B2 are biased 
through the bridge consisting of Ri, R2, R3, Rp, temperature 
level setting variable resistor Vr, and thermistor TH. Figure 
2 shows the special characteristics of an air-conditioner 



room-thermal circuit employing a NTC thermistor. Hys- 
teresis temperature AT varies according to value of resist- 
ance inserted between pins Ei • C and E2 • C. 
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EARTH LEAKAGE CURRENT DETECTOR 



DESCRIPTION 

M54121L is a semiconductor integrated circuit functioning 
as a highspeed ground fault circuit interrupter-amplifier. 

FEATURES 

• Easily meets JIS C 8371 specifications 

• Excellent input current sensitivity to temperature char- 
acteristics 

• Need for few externally connected components makes 
unit economical 

• Highly resistant to noise and surges 

• Low power dissipation (Pd=32mW) 

• High input sensitivity (20mV at normal usage) 

• Has high packaging density for an 8 pin SIL 

• Wide operating temperature range (Ta=— 20~75°C ) 

APPLICATION 

For use in high-speed ground fault circuit interrupters, 
ground fault circuit interrupter alarms, and other relay ap- 
plications. 

FUNCTIONAL DESCRIPTION 

For use in a ground fault circuit interrupter amplifiers, this 
integrated circuit includes a differential amplifier circuit, a 
Schmitt circuit, and a constant voltage circuit. It is con- 
nected to the secondary of a zero current-transformer, 
which detects current leakage in the input side of the dif- 
ferential amplifier. The output signal of the differential 
amplifier is integrated in an externally mounted capacitor. 
Having been delayed, long enough to satisfy the character- 
istics specified by JIS C 8371 for high-speed type ground 
fault circuit interrupters, the signal is fed to the Schmitt cir- 
cuit. As long as input voltage remains below the preset 
level Schmitt circuit output is maintained at "L" level. When 
a current leakage larger than the preset amount is de- 
tected, the output becomes "H" level and the thyristor, lo- 
cated on the Schmitt circuit output, is driven. 



PIN CONFIGURATION (TOP VIEW) 



INPUT |N-.[T 



REFERENCE Vo 
VOLTAGE " 



GND 

SCHMITT INPUT Si " 



DIFFERENTIAL 

AMPLIFIER 

OUTPUT 



NOISE 

ABSORBING PIN 



Nf 

OUTPUT Os 
Vs 



[3 




Outline 8P5 



BLOCK DIAGRAM 



INPUT IN (1 

REFERENCE 
VOLTAGE 




O BIAS -.REFERENCE VOLTAGE 
GENERATION CIRCUIT 
amp; DIFFERENTIAL AMPUFER 
ST :SCHMin CIRCUIT 
REG : VOLTAGE REGULATING 
CIRCUIT 



ABSOLUTE MAXIMUM RATINGS (Ta= -20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vs 


Supply voltage 




20 


V 


l|N 


IN current 


Between IN— Vr 


60 


mA 


l|N 


IN current 


Between IN— GND 


30 


mA 


l|N 


IN current 


Between Vr— IN 


-60 


mA 


'VR 


Vr current 


Between Vr— IN 


60 


mA 


IvR 


Vr current 


Between Vr— GND 


30 


mA 


'vR 


Vr current 


Between IN— Vr 


-60 


mA 


Isi 


S| Input current 




10 


mA 


Pd 


Power dissipation 




200 


mW 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 
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RECOMMENDED OPERATING CONDITIONS (Ta = -20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


yp 


Max 


Vs 


Supply voltage 


14 


16 


18 


V 



ELECTRICAL CHARACTERISTICS (Ta= -20~+75r. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Temp(°C) 


Limits 


Unit 


Test circuit 




Typ 


Max 


VoDL 


"L" saturated output voltage 


Vs= 18V 


V|N = 3. 21V, Vr = 3. 25V 


—20 






1 . 4 


V 


1 


V,N = 2. 96V, Vr = 3V 


25 






1 . 4 


ViN = 2. 66V, Vr = 2. 7V 


75 






1 _ 4 


VoDI 


Differential amplifier output voltage 1 


Vs= 16V, V|-Vr = 30mV 


—20 


3. 3 




5. 8 


V 


2 


25 


3 




5. 3 


75 


2. 5 




5 


VoD2 


Differential amplifier output voltage 2 


Vs= 16V, V|-VR = 60mV 


—20 


6. 2 




8 


V 


2 


25 


6. 1 




7. 7 


75 


5.7 




7.5 


VoD3 


Differential amplifier output voltage 3 


Vs = 16V, Vr = 3V, V|n = 3.16V 


-20 


7.2 




9.2 


V 


1 


25 


7.8 




9.6 


75 


8.2 




10.2 


Vt+ 


Positive-going threshold voltage (Note 1 ) 


Vs= 16V 


—20 


1.52 




2.2 


V 


3 


25 


1.35 




1.95 


75 


1.05 




1.73 


Vt- 


Negative-going threshold voltage (Note 1 ) 


Vs= 16V 


-20 


0.3 




1.2 


V 


3 


25 


0.2 




1 


75 


0. 05 




0. 95 


It+ 


"Vt+" input current (Note 1 ) 


Vs= 16V 


25 


5 






/.A 


3 


lo 


Output current 


Vs = 1 4V, Vsi = 2V, Vo = 0. 8V 


-20 


-0.7 






mA 


3 


25 


-0.6 






75 


-0. 35 






V,c 


Input clamp diode voltage 


Vs= 16V, l,c = 20mA 




4.3 




6.7 


V 


4 


V,DC 


Differential clamping voltage 


liDc — 50mA 




0.4 




2. 1 


V 


5 


Is 


Supply current 


Vs = 16V, Vr-V| Connected 


25 




2 


3 


mA 


6 


Vsi 


S1 voltage 


Vs = 16V, lsi = 5mA 


25 


4.6 




6.6 


V 


7 



* * A Typical value is at Ta = 25°C 

Note 1 : Vt+, Vt- are the voltages expressed in the chart at the right 

2 : When testing each parameter be sure to insert aO. 01,«F capacitor between Vr (pin 2) and GND (pin 3). 

3 : A 3. 9kfl resistor is connected between pin IN and other pin V| 




VsiCv3 
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TEST CIRCUITS 



1 
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^ i^'s-OPEN 

O ' 

Vsi 

7iT in 



Note : All resistor units are in ohms. 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54121L 



EARTH LEAKAGE CURRENT DETECTOR 

APPLICATION EXAMPLE 

• HIGH-SPEED TYPE GROUND FAULT CIRCUIT INTERRUPTER UTILIZING THE M54121L 

Vs, , I 




Ri =3.9kn, R3= 39kn, Ci = 0.01/^F, 62= 1//F, 63= 1;uF 



TYPICAL CHARACTERISTICS 
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DESCRIPTION 

M54122L is a semiconductor integrated circuit with ampli- 
fier for a higli-speed earth leakage circuit breaker. 

FEATURES 

• Suitable for JISC 8371 

• Good temperature characteristics of input sensitivity 
current 

• High input sensitivity (VT=13.5mV Typ.) 

• Low external component count 

• High noise and surge-proof 

• Low power dissipation (Pd = 5mW Typ.) and may be 
used both as 100V and 200V. 

• High mounting density by SIL package with 8 pins 

• Wide temperature range (Ta=— 20 — |-80°C ) 

APPLICATION 

High speed earth leakage circuit breaker 
FUNCTION 

The M54122L circuit for the amplifying parts of earth leak- 
age circuit breaker consists of differential amplifier, latch 
circuit and voltage regulator. It is connected to the secon- 
dary side of the zero-current transformer (ZCT) which de- 
tects leakage current in the both input of the differential 
amplifier. Signals amplified by differential amplifier are in- 
tegrated by an external capacitor, and connects to the Input 
terminal of latch circuit with output suitable for the charac- 
teristics of high-speed earth leakage circuit breaker. Latch 
circuit keeps low in the output till the input voltage reaches 
the fixed level, and output becomes high when the leakage 
current more than fixed flows. It drives a thyristor con- 
nected to the output terminal of latch circuit. 



PIN CONFIGURATION (TOP VIEW) 



REFERENCE t/ 
VOLTAGE 




INPUT IN 




GND 




ra^TOlPUTOo 




LATCH INPUT Sc 




TERMINAL FOR 
NOISE ABSORPTION 




OUTPUT Os 




Vs 


E 




Outline 8P5 



BLOCK DIAGRAM 




ABSOLUTE MAXIMUM RATINGS (Ta= -20~+80C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Is 


Supply current 




8 


mA 




Vr terminal current 


Between Vr— IN (Note 1 ) 


250 


mA 


Between Vr— GND 


30 


Between IN— Vr (Note 1 ) 


-250 


l|N 


ll^4 terminal current 


Between IN-Vr (Notel ) 


250 


mA 


Between IN— GND 


30 


Between Vr-IN (Notel ) 


—250 


Isc 


Sc terminal current 




5 


nnA 


Pd 


Power dissipation 




200 


m\N 


Topr 


Operating temperature 




-20 — 1-80 


°C 


Tstg 


Storage temperature 




-55 — hi 25 





Note 1 : Current value between Vr and IN, and between IN and Vr is less than 1ms in the pulse width, and duty cycle is less than 12% In applying 
AC current continuously, it is lOOmArms in the off-state. 

Remarks : GND terminal (pin 3) of the circuit is a basis of all the voltages except differential input clamp voltage of DC electrical characteristics, and 
direction of current is plus (no signal) in flowing into the circuit and is minus ( — signal) in flowing out of it Maximum value and minimum 
one are shown as absolute value Please don't apply voltage whose standard is GND terminal in Vr and IN pin 
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RECOMMENDED OPERATING CONDITIONS (Ta= -2O--+8OC unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vs 


Supply voltage when latch circuit is off-state 


12 






V 


Cvs 


External capacitor between Vs and GND 


1 








Cos 


External capacitor between Os and GND 






1 





ELECTRICAL CHARACTERISTICS (Ta= -20~+80r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Temp, (t) 


Limits 


Unit 


Test circuit 


Min 


-r * 

Typ 


Max 


lsi 


Supply current 


Vs=12V, VR-V|=30mV 


— 20 






580 


uA 


1 


25 




400 


530 


1 


80 






480 


1 


Vt 


Trip voltage 


Vs=16V, Vr-V, (Note2) 


-20~-f80 


10 


13.5 


17 


nriVrms 


2 


Itdi 


Timing current 1 


Vs=16V, VR-V,=30mV, Vod=1.2V 


25 


-12 




-30 


uA 


3 


'tD2 


Timing current 2 


Vs==16V, short circuit between Vr and Vi 
VoD=0. 8V 


25 


17 




37 


mA 


4 


'0 


Output current 


Vsc=1.4V 
Vos=0. 8V 


lsi=580;uA 


-20 


-200 






/uA 


5 


lsi=530;uA 


25 


-100 






5 


lsi =480/^ A 


80 


-75 






5 


VsC'ON" 


Sc on voltage (Note3 ) 


Vs=16V 


25 


0.7 




1.4 


V 


6 


'SC'ON" 


Sc input current 


Vs=12V 


25 






5 


juA 


7 


'OSL 


Output low-level current 


Vs=12V, VosL=0. 2V 


-20-4-80 


200 






juA 


8 


V,c 


Input clamp voltage * 


Vs=12V, l|c=20mA 


-20~+80 


4.3 




6.7 


V 


9 


V,DC 


Differential input clamp voltage 


liDc= 100mA 


-20~-|-80 


0.4 




2 


V 


10 


VsM 


Maximum current voltage 


lsM=7mA 


25 


20 




28 


V 


11 


Is2 


Supply current 2 ( Note 4 ) 


Vr— V| Vos=0. 6V ( Note 5 ) 


-20-+80 






900 


luA 


12 


Vs'OFF" 


Latch circuit is off-state supply voltage 
(Note6 ) 




25 


0.5 






V 


13 


Ton 


Operational time (Note 7 ) 


Vs=16V, Vr-V,=0. 3V 


25 


2 




4 


ms 


14 



* : Typical values are at Ta = 25°C. 

Note 2 : When standard value of voltage (60Hz) between Vr and V| is minimum, and output Os is low-level, or when standard value of voltage (60Hz) 
between Vr and V| is maximum, and output Os is high-level, it is considered as a good one. 

3 : When standard value of voltage Vsc"on" is minimum, and output Os is low-level, or when standard value of voltage Vsc"on" is maximum, and 

output Os is high-level, it is considered as a good one. 

4 Supply current 2 is necessary to keep high in output Os- 

5 After applying SOmV between Vr and V| and shorting between them, it is considered as a good one if standard value of Iqt flows out of out- 
put Os- 

6 : After supply voltage applies 12V and output Os is high-level, it is considered as a good one in the standard value of supply voltage and in 

the low-level of output Os 

7 : Operating time is a time from applying fixed input till operating latch circuit in 0. 047^ F between Od and GND. 



2-12 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54122L 

EARTH LEAKAGE CURRENT DETECTOR 



TEST CIRCUIT 




Vr in GND Op Sc Nr Os Vs 




(3) (i) (5) (6) (7) (8)V, 



0. 047 



OPEN 



0.047 



rrr rfr nr m 



± 0. 047 



Vr in GND Op Sc Nr Os Vs 




(3) (4) (5) (t (7) (8)V, 



OPEN 
0.047 



0. 047 
//F 




Vr IN GND Op ScNrOsVs 



(l)i(3)(4)(t(6)(7)(8) 

' ' T open! OPEN \\o 

3k: 



Vr in GND Op Sc Nr Os Vs 



OPEN 



Vo: 



(i (i (3) (4) A (6) A (8)V, 



OPEN 



0. 047 iv. 



OPEN 
3k 



'ON" 



Jl0-041o.O47 



/^F 



Vr IN GND Op Sc Nr Os Vs 

ivs 




Vr IN GND Op Sc Nr Os Vs 



J ® i 



Vr in GND Op Sc Nr Os Vs 



(1) {2) C3j) (4; (5) (6) (7) (8)Vs 

openT open 



0. 047 



'ON" 7TT 7fr 77T 



loSL 

Vos^ 
0.047 

r //Ft; 



(j) i (3) (i) (5) (6) A (8)V. 



-1-0. 047 



OPEN 



OPEN 

0.047^ f 

fJL? 



10 



Vr IN GND Op Sc Nr Os Vs 



(3)(i(5)(6) (7 



Vr in GND Op Sc Nr Os' Vs 



(3) (4) (5) (6) (7) (8) 



Vr IN GND Op Sc Nr Os Vs 



'iDct I 



OPEN 



OPEN 



OPEN 



0. 047 
//F 



(i)(i(i(4)(i(6)(7)(8) 

Lj T TJTopenW 



0.047 

7fr fni^^ frr 



0. 047// F I 
4:0.047//F i 



lls= 
).04 
/^F 



13 




Vr IN GND Op Sc Nr Os Vs 



(l) (i (3) (4) (5) (6) (7) (8)Vs 

T T T ToPEN 

fioo — I 

A 04^1 i0.047 

V. -^^p //FT T/^F 



The unit of resistance is ohm 
Please insurt 0 01/^F between pin 1 
and pin 3 in test. 
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TYPICAL CHARACTERISTICS 

Vcc VOLTAGE VS 
SUPPLY VOLTAGE 



(D 
< 











Ta=-25''C 









































































SUPPLY VOLTAGE Vg (V) 
Vcc voltage generates by the constant voltage circuit in IC 
This is measured not by M54122L but by a special element 

REFFERENCE VOLTAGE VS 
SUPPLY VOLTAGE 



O 
> 



o 
z 




8 12 16 20 



SUPPLY VOLTAGE Vg (V) 



SUPPLY CURRENT 1 VS 
SUPPLY VOLTAGE 




10 15 20 
SUPPLY VOLTAGE Vs (V) 

BIAS CURRENT VS AMBIENT 
TEMPERATURE 



1000 



D 

o 



< 




-40 -20 0 20 40 60 80 100 
AMBIENT TEMPERATURE Tg (°C ) 



DIFFERENTIAL AMPLIFIER 
OUTPUT VOLTAGE VS 

DIFFERENTIAL INPUT VOLTAGE 

5 



TIMING CURRENT VS AMBIENT 
TEMPERATURE 




10 12 14 16 18 20 -40 -20 0 20 40 60 80 100 

DIFFERENTIAL INPUT VOLTAGE AV,=Vr-V,n (mV) AMBIENT TEMPERATURE Ta(°C) 
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Os VOLTAGE VS Sc VOLTAGE 
8r— 



OPERATING TIME VS AMBIENT 
TEMPERATURE 



4.5r 



> 



o 




Sc VOLTAGE Vsc (V) AMBIENT TEMPERATURE TaCO 



OUTPUT CURRENT VS 
Os OUTPUT VOLTAGE 



3 
O 



o 




0 1 2 3 4 5 6 7 
Os OUTPUT VOLTAGE Vqs (V) 



> 
E 



o 
> 



TRIP VOLTAGE VS AMBIENT 
TEMPERATURE 



20 



16 



-50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE Tg ( t ) 



I 



f 
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APPLIED EXAMPLE 

• HIGH-SPEED EARTH LEAKAGE CIRCUIT BREAKER WITH M54122L 

Supply voltage^ircuit Amplifier Output circuit 



M54122L 




Note 8 Gate current must be selected. 

Please select voltage resistance by AC supply voltage. 



Supply voltage circuit is connected as a previous diagram. 
Please decide constants Ri, Rg, C4, and C5 of a filter in 
order to keep at least 12V in Vs, when normal supply cur- 
rent flows. 

In this case, please connect C4 (more than 1/iF) and C2 
(less than 1/zF). ZCT and load resistance Rl of ZCT are 
connected between input pin 1 and 2. In this case protec- 
tive resistance (Rp=100n) must be insurted. Sensitivity 
current is regulated by Rl, and output of amplifier shows in 
pin 4. External capacitor Ci between pin 4 and GND is used 
for noise removal. 

When large current is grounded in the primary side (AC 
line) of ZCT, the wave form in the secondary side of ZCT is 
distorted and some signals doesn't appear in the output of 
amplifier. So please connect a varistor or a diode (2 pes.) 
to ZCT in parallel. 

Latch circuit is used to inspect the output level of amplifier 
and to supply gate current on the external SCR. When input 
pin becomes more than 1.1V (Typ.), latch circuit operates 
and supply gate current in the gate of SCR connected to 
the output pin 7. 

Pin 6 can be used in the open state, but please connect 
capacitor (about 0.047 juf) between pin 6 and pin 7. 
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OPERATING TIME VS 
INPUT VOLTAGE 



























Ci=0.047a/F 
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DESCRIPTION 

M54123L is a semiconductor integrated circuit with ampli- 
fier for a high-speed earth leakage circuit breaker. 

FEATURES 

• Suitable for JIS C 8371 

• Good temperature characteristics of input sensitivity 
current 

• High input sensitivity (VT=6.1mV Typ.) 

• Low external component count 

• High noise and'surge-proof 

• Low power dissipation (Pd = 5mW Typ.) and may be 
used both as 100V and 200V. 

• High mounting density by SIL package with 8 pins 

• Wide temperature range (Ta=— 20 — l-80°C ) 

APPLICATION 

High speed earth leakage circuit breaker 
FUNCTION 

The M541 23L circuit for the amplifying parts of earth leak- 
age circuit breaker consists of differential amplifier, latch 
circuit and voltage regulator. It is connected to the secon- 
dary side of the zero-current transformer (ZCT) which de- 
tects leakage current in the both input of the differential 
amplifier. Signals amplified by differential amplifier are in- 
tegrated by an external capacitor, and connects to the input 
terminal of latch circuit with output suitable for the charac- 
teristics of high-speed earth leakage circuit breaker. Latch 
circuit keeps low in the output till the input voltage reaches 
the fixed level, and output becomes high when the leakage 
current more than fixed flows. It drives a thyristor con- 
nected to the output terminal of latch circuit. 



PIN CONFIGURATION (TOP VIEW) 



REFERENCE VOLTAGE Vr 
INPUT ifg 

GND |T 

DIFFERENTIAL n ^-fT 

AMPLIFIER OUTPUT 1^ 

LATCH INPUT 



TERMINAL FOR 
NOISE ABSORPTION 



Nr-*[6] 
Os-[T 

Vs |¥ 
Outline 8P5 




BLOCK DIAGRAM 



GND(3> 




ABSOLUTE MAXIMUM RATINGS (Ta= -20~+80C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Is 


Supply current 




8 


mA 




Vr terminal current 


Between Vr-IN (Notel ) 


250 


mA 


Between Vr— GND 


30 


Between IN-Vr (Note 1 ) 


—250 


llN 

\ 


liN terminal current 


Between IN-Vr (Notel ) 


250 


mA 


Between IN— GND 


30 


Between Vr-IN (Notel ) 


-250 


'sc 


Sc terminal current 




5 


mA 


Pd 


Power dissipation 




200 


mW 


Topr 


Operating temperature 




—20 — h80 


°C 


Tstg 


Storage temperature 




-55 — hi 25 





Note 1 '. Current .value between Vr and IN, and between IN and Vr is less than 1ms In the pulse width, and duty cycle is less than 12% In applying 
AC current continuously, it islOOmArms In the off-state 

Remarks .' GND terminal (pin 3) of the circuit is a basis of all the voltages except differential input clamp voltage of DC electrical characteristics, and 
direction of current is plus (no signal) in flowing into the circuit and is minus ( — signal) in flowing out of it Maximum value and minimum 
one are shown as absolute value Please don't apply voltage whose standard is GND terminal in Vr and IN pin 
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RECOMMENDED OPERATING CONDITIONS da = -20~+80C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


l^ax 


Vs 


Supply voltage when latch circuit is off-state. 


12 






V 


Cvs 


External capacitor between Vs and GND 


1 








Cos 


External capacitor between Os and GND 






1 





ELECTRICAL CHARACTERISTICS (Tb = -20~+80°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 




Limits 


Unit 


Test circuit 


Temp. VC) 


Min 


Typ* 


Max 










-20 






580 




1 


lsi 


Supply current 


Vs=12V, VR-V,=30mV 




25 




400 


530 


uA 


1 










80 






480 




1 


Vt 


Trip voltage 


Vs=16V, Vr-V| (Note 2 ) 


-20~+80 


4 


6.1 


9 


fTiVrms 


2 


'tdi 


Timing current 1 


Vs=16V, VR-V|=30mV, Vod=1-2V 


25 


-12 




-30 




3 


'tD2 


Timing current 2 


Vs=16V, short circuit between Vr and V( 
VoD=0. 8V 


25 


17 




37 


uA 


4 






Vsc=1.4V 
Vos=0. 8V 


lsi=580//A 


-20 


-200 








5 


'o 


Output current 


lsi=530^A 


25 


-100 






juA 


5 






lsi =480// A 


80 


-75 








5 


VsC'ON" 


Sc on voltage ( Note 3 ) 


Vs=16V 


25 


0.7 




1.4 


V 


6 


'SC'ON" 


Sc input current 


Vs=12V 


25 






5 


uA 


7 


'OSL 


Output low-level current 


Vs=12V, VosL=0.2V 


-20~+80 


200 






uA 


8 


V,c 


Input clamp voltage 


Vs=12V, l,c=20mA 


-20~+80 


4.3 




6.7 


V 


9 


V.DC 


Differential input clamp voltage 


liDc= 100mA 


-20~+80 


0.4 




2 


V 


10 


VsM 


Maximum current voltage 


lsM=7mA 


25 


20 




28 


V 


11 


•S2 


Supply current 2 ( Note 4 ) 


Vr— V| Vos=0.6V(Note5 ) 


-20~+80 






900 


juA 


12 


Vs'OFF" 


Latch circuit is off-state supply voltage. 
(Note 6 ) 




25 


0.5 






V 


13 


Ton 


Operational time (Note 7 ) 


Vs=16V, Vr-V|=0.3V 


25 


2 




4 


ms 


14 



* : Typical values are at Ta = 25t; . 

Note 2 : When standard value of voltage (60Hz) between Vr and V| is minimum, and output 0$ is low-level, or when standard value of voltage (60Hz) 
between Vr and V| is maximum, and output Os is high-level, It is considered as a good one 

3 * When standard value of voltage Vsc"on" is minimum, and output Os is low-level, or when standard value of voltage Vsc"on" is maximum, and 

output Os is high-level, it is considered as a good one. 

4 Supply current 2 is necessary to l<eep high in output Os 

5 After applying 30mV between Vr and V| and shorting between them, it is considered as a good one If standard value of Iqt flows out of out- 
put Os. 

6 •* After supply voltage applies 12V and output Os is high-level, it is considered as a good one in the standard value of supply voltage and in 

the low-level of output Os 

7 : Operating time is a time from applying fixed input till operating latch circuit in 0. 047// F between Op and GND. 
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TEST CIRCUIT 




IN GND Op Sc Nr Os Vs 




(3) (4) (i) (6) (7) (8) 



1 ^, OPEN 



0. OAlMf 



0.047 



Tfr VT 777 777 



_ 0. 047 




0. 047;uF 



Vr in GND Op Sc Nr Os Vs 



(j)(i(3)(4)(i(6)(7)(8) 



Vr in GND Op Sc Nr Os Vs 



.Vopj OPEN 
0. 047/iF 



Vs 
0. 047/iF 



A i (3) (4) (5) i (|) 



Vr IN GND Op Sc Nr Os Vs 



OPEN 



OPEN i OPEN 
3k f lo 
0. 047 



C!)C2)(3)C4)(5)(6)(7)(8) 



0. 047 



OPEN I OPEN 
3kVos 
0.047^,^ 



J- 041 0.047 
-r)"F-r ^ 



Vr i n GND Op Sc Nr Os Vs 

1) C2) (3) 




(4) (5) (6) (7) (8)V, 



Vr in GND Op Sc Nr Os Vs 



OPEN 1 OPEN 

VosJ 



0.047 0.047 




Vr JN GND Op Sc Nr Os Vs 

.U (2) (3) 



OPEN 




i (5) (6) (7) (8)V, 



OPEN 
0.047-L J- 0.047 



Vr IN GND Op Sc Nr Os Vs 

1) (2^ 




(3) (4) (5) (6) (7) (8) 



Vr in GND Op Sc Nr Os Vs 



(!)(ic3)(4)(5)(6)(7)C8) 



OPEN 



OPEN 

0. 047/iF: 



"0.047 




CO \f) C3j (4J C5J C6J 

M 

_ 0.047 0.047_]_'gtJ_o_o47 
-r ;uF //F "T^uF 





0.047 °-°;;^ k"":'"' 



T/^F 



;"F 



Note : The unit of resistance is ohm 

Please insurt 0 01/iF between pin 1 
and pin 3 in test. 



A MITSUBISHI 
ELECTRIC 



2-19 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54123L 



EARTH LEAKAGE CURRENT DETECTOR 



TYPICAL CHARACTERISTICS 

Vcc VOLTAGE VS 
SUPPLY VOLTAGE 



12 



10 



< 











ra 2 






















1 25°C . 












^75°C 









































8 



10 



12 



14 



16 



18 



20 



V, 

This 



SUPPLY VOLTAGE Vs (V) 
voltage generates by the constant voltage circuit in IC. 
is measured not by M54122L but by a special element 

REFERENCE VOLTAGE VS 
SUPPLY VOLTAGE 



O 
> 



2.5 



1.5 



0.5 









1 

Ta=75°C 






r 


\\25 


C 

>5°C 






















7 











20 



SUPPLY CURRENT 1 VS 
SUPPLY VOLTAGE 




0 5 10 15 20 25 30 
SUPPLY VOLTAGE Vs (V) 

BIAS CURRENT VS AMBIENT 
TEMPERATURE 



1000 




SUPPLY VOLTAGE Vs (V) 



-40 -20 0 20 40 60 80 100 
AMBIENT TEMPERATURE TaCC) 



DIFFERENTIAL AMPLIFIER 
OUTPUT VOLTAGE VS 
DIFFERENTIAL INPUT VOLTAGE 



2.5 



tr > 2 

□ > 
a. 

< o 

1 



LU 



^ ? 

li. Q- 

0^0.5 

































Ta 


=75°C 










25°C^^ 
/ 


L 


— 25°C 





5 6 7 8 9 

DIFFERENTIAL INPUT VOLTAGE 
AV,=Vr-V,n (mV) 



TIMING CURRENT VS AMBIENT 
TEMPERATURE 




-40 -20 0 20 40 60 80 100 
AMBIENT TEMPERATURE Ta (°C ) 
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Os VOLTAGE VS 
Sc VOLTAGE 



























-25^ 






















4 


— J- 









0.4 0.6 0.8 1 1.2 1.4 1.6 1. 
Sc VOLTAGE Vsc (V) 



OPERATING TIME VS AMBIENT 
TEMPERATURE 




-50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE Tg ('C ) 



OUTPUT CURRENT VS 
Os OUTPUT VOLTAGE 




2 3 4 5 6 
Os OUTPUT VOLTAGE Vos (V) 



O 
> 

Q. 



TRIP VOLTAGE VS AMBIENT 
TEMPERATURE 



-50 -25 0 25 50 75 100 
AMBIENT TEMPERATURE Tg (°C ) 
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APPLIED EXAMPLE 

• HIGH-SPEED EARTH LEAKAGE CIRCUIT BREAKER WITH M64122L 

Supply voltage circuit Amplifier Output circuit 




Note 8 '. Gate current must be selected. 

Please select voltage resistance by AC supply voltage 



Supply voltage circuit is connected as a previous diagram. 
Please decide constants Ri, R2, C4, and C5 of a filter in 
order to keep at ixOast 12V in Vs, when normal supply cur- 
rent flows. 

In this case, please connect C4 (more than ^/uF) and C2 
(less than ^/uF) . ZCT and load resistance Rl of ZCT are 
connected between input pin 1 and 2. In this case protec- 
tive resistance (Rp=100n) must be insurted. Sensitivity 
current is regulated by Rl, and output of amplifier shows in 
pin 4. External capacitor Ci between pin 4 and GND is used 
for noise removal. 

When large current is grounded in the primary side (AC 
line) of ZCT, the wave form in the secondary side of ZCT is 
distorted and some signals doesn't appear in the output of 
amplifier. So please connect a varistor or a diode (2 pes.) 
to ZCT in parallel. 

Latch circuit is used to inspect the output level of amplifier 
and to supply gate current on the external SCR. When input 
pin becomes more than 1.1V (Typ.), latch circuit operates 
and supply gate current in the gate of SCR connected to 
the output pin 7. 

Pin 6 can be used in the open state, but please connect 
capacitor (about 0.047//F) between pin 6 and pin 7. 
Capacitor Ce between pin 1 and GND is used to remove 
noise and is about 0.047 u F. 



1000 
700 
500 
300 



z 



Q. 

o 



100 
70 



OPERATING TIME VS 
INPUT VOLTAGE 





















Ci=0.047//F 
Ta=25°C 

























































































































































































































































































































































































































































































1 3 5 710 30 5070100 3005001000 
INPUT VOLTAGE V, (mVrms) 
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DESCRIPTION 

The M54124L is a semiconductor integrated circuit consist- 
ing of an amplifier for a high-speed earth-leakage circuit 
breaker. 

FEATURES 

• Satisfies J IS C 8371 

• Temperature-stable input current threshold 

• High-input sensitivity (Vt=6. 5mV) 

• Low external component count 

• Highly resistant to noise and power surges 

• Low power dissipation (Pd= 5 mW typ) 

• Can be used at lOOV and 200V 

• High-density mounting eight-pin SIL pacage 

• Wide operating temperature range (Ta=— 20~+80°C) 

APPLICATION 

High-speed earth-leakage circuit breakers 
FUNCTION 

The M54124L is a semiconductor integrated circuit for use 
in the amplifier section of earth-leakage circuit breakers. It 
consists of a differential amplifier, one-shot circuit, output 
circuit and voltage regulator. It is connected to the secon- 
dary side of the zero-current transformer, ZCT, and detects 
leakage current in both inputs of the differential amplifier. 
Signals amplified by the differential amplifier are Integrated 
by an external capacitor, and applied to the input pin of a 



PIN CONFIGURATION (TOP VIEW) 


REFERENCE 
VOLTAGE 


VR 










INPUT 


IN 










DIFFERENTIAL 


GND 


II 








AMPLIFIER 
OUTPUT 


OD 






z 

01 




ONE-SHOT 
MULTIVIBRATOR A 


MA 


-E 




—L 




ONE-SHOT 
MULTIVIBRATOR B 


MB 






r 




OUTPUT 


OS 


-E 










VS 


E 








Outline 


8P5 





one-shot multivibrator circuit having time-delay characteris- 
tics that are suitable for high-speed earth-leakage circuit 
breakers (such as specified in JIS C 8371). The one-shot 
multivibrator circuit normally maintains a low output. When 
the input current (earth-leakage) exceeds a specified 
level, a one-shot high pulse is output to turn on an external- 
ly connected thyristor. 



BLOCK DIAGRAM 



Vr 
9 



COMPARATOR 



fo-8 



ONE-SHOT 
MULTIVIBRATOR A 



ONE-SHOT 
MULTIVIBRATOR B 



kiXi) — -(3) — -<i)-®— 




Vr 



REGULATOR 



<z>- 



GND 



OD MA 



REFERENCE INPUT 
VOLTAGE 



DIFFERENTIAL ONE-SHOT 

AMPLIFIER MULTIVIBRATOR 
OUTPUT A 



MB 

ONE-SHOT 
MULTIVIBRATOR 
B 



OS 
OUTPUT 
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OPERATION 

Discussion refers to the block diagram, application exam- 
ple, and operational waveform diagram. 

• When an earth leakage current appears on the primary 
side of zero-current transformer ZCT, leakage signal vol- 
tage V|N appears on the secondary side and is input at IN 
with VR as the reference. 

• In the half cycle when Vin is negative, capacitor C|y/iA con- 
nected to pin MA charges until Vin reaches the trip voltage 
Vt (DC). If voltage Vma at pin MA does not reach the MA 
threshold voltage, capacitor Cma discharges immediately at 
a current greater than the charge current, when the charg- 
ing current phase is completed. When Vma reaches the MA 
threshold voltage, capacitor C^a discharges at a small cur- 
rent for a period time tco during which the output of one- 
shot multivibrator A is high. 

• During tco, the same operation takes place again at 
capacitor Cmb, causing one-shot multivibrator B to trigger 
current pulse of duration tos at output pin OS. 

• Earth leakage currents are detected when the amplitude 
of input voltage V|n exceeds the trip voltage Vt (DC) for 
longer than the input detection time tMA- 

• The output current is used to turn on the thyristor that 
opens the breaker contacts. 



WAVEFORM DIAGRAM 

EARTH LEAKAGE SIGNAL V, 



COMPARATOR 
1 OUTPUT 



ONE-SHOT , 
A1 OUTPUT 




tMB*(3ms) 



MB OFF VOLTAGE 



tos* (95ms) 



* tMA • MA input detection time 
tco • MA detector on time 
ttviB • MB input detection time 
tos • OS output pulse width (MB detector on time) 

Note. Tlie values in the parentheses are typical values for reference only. 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20~+80°C, unless otherwise noted) 



^\/rnhril 
oyiiiUwi 


Psrsmeter 


Conditions 


Ratings 


Unit 


Is 


Supply voltage 




8 


mA 


Is(SG) 


Supply surge current 


(Notel ) 


12 


mA 


l|N 


input current 


Between IN and VR (Note 2 ) 


-250 1-250 


mA 


llG 


Input pin current 


Between VR and GND, and between IN and GND 


30 


nnA 


VoD 


OD applied voltage 


When external voltage is applied 


6 


V 


Ima 


MA input current 


When external voltage is applied 


4 


nnA 


Vos 


OS applied voltage 


When external voltage is applied 


6 


V 


Pd 


Power dissipation 




200 


nnW 


Topr 


Operating temperature 




-20 — 1-80 


°C 


Tstr 


Storage temperature 




-55—h125 





Note 1 : The surge waveform The waveform of surge current is(sG) is shown on the left It is applied less than once per minute 




0mA 



Note 2 : Applies to currents between IN and VR with pulse widths less than 1 ms and duty cycles less than 12% If AC current is applied, the current 

limit IS lOOmArms when the IC supply power is off 
Remarl< I Circuit voltage at GND pin is 0 V Current flowing into the circuit is positive (no sign) and the current flowing out from the circuit is negative 
(negative sign), unless otherwise noted Maximum values of rated and specified values are shown in absolute values 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~.+80C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vs 


Supply voltage when output is off 


12 






V 


Cvs 


Capacitance between VS and GND 


1 








Cos 


Capacitance between OS and GND 






1 




Cma 


Capacitance between MA and GND 




0. 1 






Cmb 


Capacitance between MB and GND 




0.1 








External resistor at IN 




100 




n 



ELECTRICAL CHARACTERISTICS (Vcc=5V,Ta=-20~+80C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Temperature 

(°c) 


Limits 


Unit 


Test circuit 


Mm 


Typ 


Max 


Is 


Supply current 


Vs=12V, ViN=-15mV 








800 


/uA 


1 


Vt 


Trip voltage 


Vs=16V, V|N : 60Hz sine wave 




4 




9 


mVrnns 


2 


'ODL 


OD sinic current 


Vs=16V, ViN=OmV, VoD=4V 


25 


120 




240 


juA 


3 


'ODH 


OD source current 


Vs=16V, V|N=-15mV, Vod=4V 


25 


-75 




-150 


juA 


3 


Vmah 


MA on voltage 


Vs=16V, ViN=-15mA 


25 


2.8 




3.4 


V 


4 


Vmal 


MA off voltage 


Vs=16V, V|N=-15mA 


25 


0.8 




1.2 


V 


4 


'mbl 


MB sink current 


Vs=16V, V|N=OmA, Vmb=1.6V 


25 


120 




240 


juA 


5 


'mbh 


MB source current 


Vs=16V, V|N=-15mA, Vmb=1.6V 


25 


-75 




-150 


mA 


5 


'OSL 


OS sink current 


Vs=16V, VN=OmA, Vos=0.2V 




200 






juA 


6 


'OSH 


OS source current 


Vs=12V, VN=-15mA, Vos=1.6V 


-20 


-200 






/uA 


6 


+25 


-100 






+80 


-75 






VsM 


VS maximum current voltage 


ls=7mA 


25 


20 




30 


V 


7 


V,NC 


IN, VR input clamp voltage 


Vs '• open, liN=±100mA 


25 


±0.4 




±2.0 


V 


8 


Vrcl 


VR clamp voltage 


Vs=16V, lvR=20mA 


25 


4.4 




6.6 


V 


9 


^MA 


MA input detection time 


Vs=16V 




1.7 




4.0 


ms 


10 


tco 


MA detector on time 


Vs=16V 




40 




foo 


ms 


10 


tMB 


MB input detection time 


Vs=16V 




1.7 




4.0 


ms 


11 


tos 


OS input detection time 


Vs=16V 




60 




150 


ms 


11 



Note V|N is the input voltage with Vr as reference V,n is applied to IN through resistor Rin 
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TEST CIRCUIT 

(Cma=0- l/t^F, Cmb=0- R|N=100n, Diode are equivalent to MD234, unless otherwise noted) 




VR IN GND OD MA MB OS VS 
^V(?Hl)-(4V(5)--(^^ 




^ Vt is the value of V|n at which OS turns on 
(Vos>0- 4V) as V|N is increased gradually 



VR IN GNDOD MA MB OS VS 



<bVs 







-0. 4V 




VR IN GNDOD MA MB OS VS 
klK2K3K4><5>^><7^ 




I llN I l| 






-1.85V 



6Vo 



1.45V 



0. 4V 



2-26 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54124L 

EARTH LEAKAGE CURRENT DETECTOR 



TYPICAL CHRACTERISTICS 

TRIP VOLTAGE VS AMBIENT TEMPERATURE 



16 
14 
12 
10 
8 
6 
4 
2 
0 










































































































































-50 -25 0 25 50 75 100 125 15 



g 

K- 

o 

liJ 
I- 

UJ 

Q 
h- 

OL 

< 
2 



MA INPUT DETECTION TIME 
VS AMBIENT TEMPERATURE 



AMBIENT TEMPERATURE Ta (°C) 



-50 -25 0 25 50 75 100 125 150 
AMBIENT TEMPERATURE Ta (°C) 



160 
140 
120 
100 
80 
60 
40 
20 
0 



MA DETECTOR ON TIME VS 
AMBIENT TEMPERATURE 



-50 -25 0 25 50 75 100 125 150 
AMBIENT TEMPERATURE Ta (°C) 



OS OUTPUT PULSE WIDTH VS 
AMBIENT TEMPERATURE 



150 



100 



50 



-50 -25 0 25 50 75 100 125 150 
AMBIENT TEMPERATURE Ta (°C) 



O 

LU 

O 



(0 
O 



OS SOURCE CURRENT VS 
AMBIENT TEMPERATURE 




-50 -25 0 25 50 75 100 

AMBIENT TEMPERATURE Ta CC) 



1000 
700 
500 
300 

100 
70 
50 
30 



O 

H 
< 



OPERATION TIME VS 
INPUT VOLTAGE 



























1 III 




























T^=25r 




























60H 
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3 5 7 1 0 30 5070 1 00 300 500 1 000 
INPUT VOLTAGE V, (mVrms) 
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APPLICATION EXAMPLE 

• A high-speed earth-leakage circuit breaker using the I\/I54124L 



M54124L 

VR IN GND OD MA MB OS VS 

C?>-K3>-^>-<5>— <6^^ 

Ri 




' VW 



Cos 



POWER SUPPLY 



A A 



LOAD 
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DESCRIPTION 

The M54125P is a semiconductor integrated circuit consist- 
ing of an amplifier for high-speed earth leakage circuit 
breal<er. 

FEATURES 

• Satisfies JIS C 8371 

• Temperature-stable input current trigger threshold (Vlkt 
=9mV) 

• Capable of detecting a lost phase on the neutral line 

• Economical, low external component count 

• Highly resistant to noise and power surges 

• Wide operating temperature range (Ta=— 20 — |-80°C) 



PIN CONFIGURATION (TOP VIEW) 



INPUT ILK-^[T 
BIAS VOLTAGE VB [T 
CAPACITOR Cmm MM [T 
OUTPUT OUT'*-|T 
GND |T 




To] VS 

"Tl OY EXTERNAL 
^ RESISTOR 

[i]'^ IBL INPUT 

"71 WF CAPACITOR CwF 

"il TD CAPACITOR Ctd 



Outline 10P2-C 



APPLICATION 

High-speed earth-leakage circuit breakers 
FUNCTION 

The M54125P is a semiconductor integrated circuit for use 
in the amplifier section of earth-leakage circuit breakers. It 
consists of a differential amplifier, one-shot circuit, output 
circuit, current regulator, waveform regulator and delay cir- 
cuit. The following description refers to the block diagram, 
application example, and operational waveforms. 



BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20-+80C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


's 


Supply voltage 


Average supply current frequency per cycle 


0-6 


mA 


's(SG) 


Supply surge current 


(Notel ) 


0—12 


mA 




ILK Input voltage 


Pin VB serves as the voltage reference. 


-1.8 — 1-1.8 


V 


V,BL 


IBL Input voltage 




-0. 3~6 


V 


VoUT 


OUT applied voltage 


When external voltage is applied 


-0. 3—4 


V 


Pd 


Power dissipation 




160 


nnW 


Topr 


Operating temperature 




-20 — h80 


°C 


Tstg 


Storage temperature 




-55~+125 





Note 1 : The surge current waveform Is(sg) is shown below It is applied less than once per minute 




0mA 



AO/US 

RECOMMENDED OPERATING CONDITIONS (Ta=-20~+80C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vs 


Supply voltage 


When output OUT Is OFF 


12 






V 


Is 


Supply current 


Average power supply 
current per cycle 






5.6 


mA 


Cmm 


External capacitor MM 






0. 22 




juF 


CwF 


External capacitor WF 






1 




uF 


Ctd 


External capacitor TD 






6.8 




mF 


Rx 


External resistor Rx 






27 







Handling of unused pins when the abnormal voltage detection function is not used 

• Pin 9 Rx must be left open 

• Pin 6 TD must be shorted to GND 

• Pin 7 WF and pin 8 IBL may be left open or shorted to GND 
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LEAKAGE DETECTION FUNCTION 

When leakage current current Ig appears on the primary 
side of zero-current transformer, ZCT, leakage signal vol- 
tage V|LK appears on the secodary side and is input at ILK 
with bias VB as the reference. In the half cycle, when 
negative, capacitor C^m connected to MM charges until 
V|LK reaches the DC trip voltage. 

If the voltage at MM does not reach the MM positive 
threshold voltage, when the charging phase is completed, 
capacitor Cmm discharges at a small current. The output 
OUT is reset to the off state (in which output current flows 
in) when Vmm descends to the MM negative threshold vol- 
tage. 

Earth-leakage currents are detected when the amplitude of 
input voltage V|lk exceeds the DC trip voltage Vlkt for lon- 
ger than the detection time tMM- The output OUT turns on 
for time tour- The output current is used to turn on the thyr- 
istor that opens the breaker contacts. 



ABNORMAL VOLTAGE DETECTION 
FUNCTION 

Normally V|bl. fixed amplitude AC supply that has been 
rectified and divided by a resistor, is input to abnormal vol- 
tage input IBL. When a fault occurs in the neutral line N, 
successive peaks of Vibl become alternately small and 
large, with the levels determined by the load on the AC 
power lines A and B. 

When the amplitude of V|bl exceeds the abnormal voltage 
trip voltage Vblt, capacitor Cwf connected to pin WF dis- 
charges. After the discharge shase is completed, charging 
begins again.) When voltage Vwf at WF drops below the 
WF threshold voltage, capacitor Cjd at TD charges, and af- 
ter delay time tjo. when voltage Vtd at TD reaches the TD 
threshold voltage, output OUT turns on, activating the cir- 
cuit breaker. To avoid misoperation due to the effect of re- 
peated one-shot noise that brings V|bl above 

Vblt> the vol- 
tage drops to the initial value only after time twF- 
This abnomal voltage detection circuit is enabled only 
when an external resistor Rx is connected to pin Rx to en- 
able the current flow. 



WAVEFORM DIAGRAM 

1 ) Voltage waveform when earth leakage is detected. 
Vb 




I I 



ij I I j-M M positive threshold voltage 



Note. Values in the parentheses are for reference only. 



MM 



OUT I 




touT (45ms) 

2) Voltage waveform when abnormal voltage is detected. 
Vibl Noise ,Vbtl(3.9V) 



IBL 




II 11 



M ! I 
I I. 



!i 



TD threshold voltage 



tTD (300ms) 



OUT 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Ta=-20~+80°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Temperature 


Limits 


Unit 


Test 
circuit 




Typ 


Max 


lsi 


Supply current 1 


Pin VS 


Vs=12V, zIV|LK= 0 mV 
Out: "OFF" 








0.7 


mA 


1 


Is2 


Supply current 2 


Pin VS 


Vs=16V, ^ViLK=— 15mV 
Out : "ON" 








1.2 


mA 


1 


Vlkt 


Trip voltage 


Pins ILK and VB 


Vs^iev, Vlkt : 60Hz 
Test circuit 3 




4 




9 


mVrms 




Imm+ 


Sink current 


Pin MM 


Vg=l6V, ^ViLK= 0 mV 
Vmm=0 8V 

» MM Wi u V 


25 


170 




370 


/uA 


4 


'mm— 


Source current 


Pm MM 


Vs=16V, JViLK=-15mV 
Vmm=0. 8V 


25 


-no 




-250 


juA 


4 




Detect Inhibit time 


Pin MM 


Vg= 1 6V 




1.7 




4 




10 


lou+ 


Sink current 


Pin OUT 


Vs=16V, JViLK= OmV 
VouT=0. 2V 




150 






juA 


5 


lou 


Source current 


Pin OUT 


Vs=16V, JV,LK=-15mV 
VouT=0. 8V 


—20 


— 200 






juA 


5 


25 


-100 






80 


— 70 








Output pulse width 


Pin OUT 


Vs=l6V 




25 




100 


ms 


10 


VsM 


Maximum current voltage 


Pin VS 


ls==3. 5mA 


25 


20 




26 


V 


6 


Is3 




Pin VS 


Vs=l2V, V|LK • 0 mV 
ViBL= 0 V, OUT : "OFF" 
Test circuit 2 








T 


mA 






Supply current 4 


Pin VS 


Vs=l2V, ViLK • — 15mV 
V|BL=12V, OUT : "ON" 
Test circuit 2 








1 . 4 


mA 




Vblt 


Trip voltage 


Pin IBL 


Vs=16V 




3. 6 




4. 1 


V 


7 


llBL 


input current 


Pin IBL 


Vs=16V, V|BL=4'5V 
Test circuit 7 


25 






0.8 


juA 




lwF+ 


Sink current 


Pm WF 


Vs=16V, V|BL=4.5V 
VwF=0. 5V 


25 


1 






mA 


8 


'WF— 


Source current 


Pin WF 


Vs=16V, V|BL=OV 
VwF=0. 5V 


25 


-22 




-30 


uA 


8 


twF 


Recovery time 


Pm WF 


Vs=16V 




35 




70 


ms 


11 


Itd+ 


Sink current 


Pm TD 


Vs=16V, V|BL=OV 
Vtd=0. 5V 


25 


1 






mA 


9 


Itd- 


Source current 


Pm TD 


Vs=16V, V|BL=4.5V 
Vtd=0. 5V 


25 


-22 




-30 


juA 


9 




Delay time 


Pm TD 


Vs=16V 




200 




420 


ms 


12 




2-32 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54125P 



EARTH LEAKAGE CURRENT DETECTOR 



TEST CIRCUIT 

(Cmm=0.22;uF, CTD=6.8/iF, Rx=27kn, unless oterwise noted) 



• IS 1, IS 2 Measurement 



MD234 OR 
EQUIVALENT 



<1- 

VoUT 



ILK 


VS 


VB 


RX 


MM 


IBL 


OUT 


WF 


GND 


TD 



IS 1, IS 2 



* : IS 2 Is the value after OUT turns on (Vout>0. 5V). 



• IS 3, IS 4 Measurement 



Vs 
Q 



n v,L 



VoUT 



ILK 

VB 

MM 

OUT 

GND 



VS 



WF 
TD 



RX 
IBL 



Rx ^ 

IS 3, IS 4 



* : IS 4 is the value after OUT turns on 



• Imm+. 'mm- Measurement 




ILK 


VS 


VB 


RX 


MM 


IBL 


OUT 


WF 


GND 


TD 



Vs 
Q 



^ V|L 



— > Imm+ 

I Imm— I 



ILK 


VS 


VB 


RX 


MM 


IBL 


OUT 


WF 


GND 


TD 



* : Vlkt is the value of Vibl when OUT turns on as Vibl is 
gradually Increased 



• IOU+, lOU— Measurement 



VSM Measurement 



Vs 
Q 



n V|L 



IOU+ 

r-§— 

I lOU- I 

VoUT 



ILK 


VS 


VB 


RX 


MM 


IBL 


OUT 


WF 


GND 


TD 
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' Vblt, Iibl Measurement 



Vs 

Q 



ILK 
VB 
MM 
- OUT 
GND 



Vs 
RX 
IBL 
WF 
TD 



Rx 




T V,BL 



* : Vblt is the value of V|bl when VF=0. 5V 



'wF-i-, IwF- Measurement 



VS 
O 



ILK 


VS 


VB 


RX 


MM 


IBL 


OUT 


WF 


GND 


TD 



R) 



Iwf+ *— 
-<A>— 

I IwF- I ~* 

VwF-ilr 



• Itd+, Itd- Measurement 



10 



• tMM. touT Measurement 



Vs 

O 



ILK 
VB 
MM 
- OUT 
GND 



VS 



WF - 
TD 



Vs 
Q 



V|LK 



RX HW\r-n 
IBL 



I Itd- I J 



VouT <3- 



OtVIM 

-Hh 



ILK 

VB 

MM 

OUT 

GND 



VS 
RX 
IBL 
WF 
TD 



10ms 



1.4V 



1.8V 



0.5V 



► twF Measurement 



Vs 
Q 



' tjD Measurement 



ILK 

VB 

MM 

OUT 

GND 



VS 
RX 
IBL 
WF 
TD 



Rx 



CuF 
HH 



^ V,B, 



)0. 5V 
— 1> 




<I V,BI 



V.BI 

Vtc 



4. 5V 



■OV 



.0. 5V 



V.BL 

Vout 





OV 




0. BV 1 




^ J 



4. 5V 
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DESCRIPTION 

The M54193P/AP/BP is a semiconductor integrated circuit 
consisting of a tone ringer for telephone handsets. The de- 
vice withstands a maximum input voltage of 50V and is cap- 
able of 45Vp.p output. 

FEATURES 

• Output voltage 45Vp.p 

• Built-in anti-resonance circuit 

• Variable oscillation frequency 

• Built-in circuit prevents misoperation due to power 
supply noise 

• Built-in output compulsory turn off function, by means of 
drop voltagd detection circuit. (M54193P/M54193AP) 
When Vcc is less than Vqff * . output is compulsoily \ 
set to "L" level, therefore tone cut off is improved | 



: VoFF=26Vat M54193 
VoFF=18. 5V at M54193 



PIN CONFIGURATION (TOP VIEW) 



APPLICATION 

Analog telephone handsets 



TRIGGER IN 

LOW FREQ 
TIME 

CONSTANT 



Vcc [I 




T|-^ SO 




CO 
CO 


T]-HC| 


|LC — |T 




T|— HR f 


1lr-*[T 




T] GND 



HIGH FREQ 
TIME 

CONSTANT 



Outline 8P4 



BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




50 


V 


'so 


Output current 




±10 


mA 


Pd 


Power dissipation 


Ta=25°C 


625 


mW 


Ta=75°C 


300 


Topr 


Ambient operating temperature 




-25 — 1-75 


"C 


Tstg 


Storage temperature 




-40 — 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 








50 


V 


'so 


SO output current 








±5 


mA 


Cl 


External capacitor for low OSC 




3900 


56000 


470000 


PF 


Rl 


External resister for low OSC 




100 


1000 


1800 


kC 


Ch 


External capacitor for high OSC 




1000 


3900 


6800 


pF 


Rh 


External resister for high OSC 




100 


330 


1800 





ELECTRICAL CHARACTERISTICS (Ta=25r. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Operating voltage 








50 


V 


Vsi 


Startup voltage 


(Note! ) 


17 


20 


23 


V 


Vsus 


Sustaing voltage 


(Note2 ) 


10 


12 > 


16 


V 


■si 


Startup current 


Vcc=Vs, 


2.3 


3.3 


4.8 


nnA 


Uus 


Operation sustaing current 


Vcc=Vsus 


0.7 


1.1 


1.6 


nnA 


Vtr 


Trigger voltage 






10 




V 


Vo 


Output voltage 


Vcc=Vsus~VoFF M54193P, M54193AP 






1.8 


V 


Vcc=VoFF~50V M54193P, M54193AP 


Vcc-5 


Vcc-2 


Vcc-1 


Vcc=Vsus~VoFF M54193BP 


Vcc-5 


Vcc-2 


Vcc-1 


fo 


Oscillator frequency accuracy 


Vcc=25V 

Cl=56000pF, RL=100kn 
Ch=3900pF, RH=330kn 


-7 




-h7 


% 


'cc 


Supply current 


Vcc=50V 


1.6 


2.4 


3.2 


mA 


VoFF 


Output compulsion off voltage 


M54193P 


24 


26 


28 


V 


M54193AP 


16.5 


18.5 


20.5 


Von 


Output on voltage 


M54193P 


25 


27 


29 


V 


M54193AP 


18 


20 


22 



Note 1 The startup voltage is the supply voltage at which the tone ringer initiates oscillation. 
2 : The sustaining voltage is the supply voltage required to sustain the oscillation 



so OUTPUT WAVEFORM 



.MMJumjiJMMnjm_ 



1/fL 
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TYPICAL CHARACTERISTICS 

SUPPLY VOLTAGE VS POWER DISSIPATION CURRENT 



< 
E 



O 




0 10 20 30 40 50 60 70 
SUPPLY VOLTAGE (V) 



APPLICATION EXAMPLE 

0. 9// 2. 2k 




OSCILLATOR FREQUENCY SETTING 



fL= 



1.657-Cl-Rl 



1.515-ChRh 
fH2=1.24fHi (Hz) 



(Hz) 
(Hz) 



OUTPUT CIRCUIT EXAMPLE 
O 



PIEZOELECTRIC 

•—J BUZZER 



The oscillator frequencies fu fhi. ^h2 are determined by the above 
equations 

(Exannple) RL=1000kr) RH=330kn 
Cu=56000pF Ch=3900pF 
fL^10.8HzfHi=513Hz 
fH2^636Hz 
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USE OF TRIGGER IN (PIN 2) 

Normally TRIGGER IN is left open, but it can be used to in- 
hibit oscillation or alter the startup voltage (Vsi). 
When the M54193P is oscillating (Vsus< Vcc<30V), it can 
be stopped by connecting pin 2 to potential V| through re- 
sistance R|. (Vsus is the startup voltage.) 



Vcc O- 



GND o- 



-<D 



Q. 



Vcc O 



V, o- 



GND a 




0 gV, ^0.5V 
0 ^ R,^20kn 
Fig 2 



When Vsus< Vcc< Vsi, the oscillation of the M54193P can 
be initiated by Ie {)Oju^<\e< 1 nnA) from pin 2 . 
(Vsi is the startup voltage.) 

To start the oscillation at a lower voltage than the startup 
voltage, pin 2 is connected to Vcc through Re as shown in 
Fig. 3. 

Re must satisfy the condition : 
10kn<RE< (^si-10) 



Vcc O 



GND O 




Vcc O- 



GND O 




Fig 3 

Use of a Zener diode can alter Vsi, in which case, Vsi is 
determined by 

Vsi=VTR+V2+10RE (Re : Mn) 



Fig. 4 
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PIN CONFIGURATION (TOP VIEW) 



CLOCK INPUT 
SERIAL INPUT 



PARALLEL 
INPUTS 









INs,-[I 




15] *-R^ 


INa^ [T 




ni -'Oa 


INb-> [T 


M54- 


13]^ Ob 


INc-- [£ 




12] ^Oc 






T1]-0d 


ine-* [T 




10] -^Oe 


GND [J 




T| *-M/C 



Outline 16P4 



PARALLEL 
OUTPUTS 



MODE CONTROL 



DESCRIPTION 

The M54403P is a semiconductor integrated circuit contain- 
ing a 5-bit serial/parallel input serial/parallel output reversi- 
ble sliift register. 

FEATURES 

• Serial/parallel input serial/parallel output 

• Depending on external connections shift left function 
possible 

• Mode control input provided 

APPLICATION 

General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTION 

This 5-bit shift register consists of 5 R-S-T flip-flops. It func- 
tions as either a serial-in/seriai (parallel) -out or a parallel- 
in/parallel-out register depending on the condition of mode 
control input (M/C) . When mode control input (M/C) is 
maintained in "L" with serial datum applied to serial input 
(iNsi), it functions as a right-shift register and data can be 
read from outputs (Oa~Oe). Mode control input (M/C) 
maintained in "H", parallel data applied to parallel input 
(INa~INe), one bit of clock pulse is applied to clock input 
(T), and then the parallel data appear at the outputs (Oa~ 
Oe). Set mode control Input in "H", apply serial datum to 
INe, connect Oe and INp, Od and INc, Oc and INb, Ob and 
INa respectively, and it functions as a left-shift register. 



When clock input (T) changes from "H" to "L", data are 
shifted one bit or parallel data are read. When reset input 
(Rd) is "L", all outputs (Oa~Oe) are set "L" irrespective 
of other input signals. 
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FUNCTION TABLE 



INPUTS 


OUTPUTS 


Rd 


M/C 


f 


INs. 


INa 


INb 


INc 


INd 


INe 


Oa 


Ob 


Oc 


Od 


Oe 


L 


X 


X 


X 


X 


X 


X 


X 


X 


L 


L 


L 


L 


L 


H 


L 


t 


H 


X 


X 


X 


X 


X 


H 


Qao 


Qbo 


Qco 


Qdo 


H 


L 


t 


L 


X 


X 


X 


X 


X 


L 


Qao 


Qbo 


Qco 


Qdo 


H 


H 


t 


X 


a 


b 


c 


d 


e 


a 


b 


C 


d 


e 



X : Irrelevant (any input, including transition), 
t : Transition from "L" to "H". 

Qao. Qbo. etc. .' The level of Qa, Qb. etc. respectively, before the t transtion of the clock 
a, b, c, d, e : The level of steady-state input at inputs A, B, C, D, or E, respectively. 



ABSOLUTE MAXIMUM RATINGS (Ta = 0~75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V| 


Input voltage 




5.5 


V 


Vo 


Output voltage 


High-Level output 


Vcc 


V 


Pd 


Power dissipation 




800 


mW 


Topr 


Operating temperature 




0—75 


°C 


Tstg 


Storage temperature 




-65 — hi 50 





RECOMMENDED OPERATING CONDITIONS da = 0~75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 


Fo 


Fan out 






10 




fmax(T) 


Maximum clock frequency (clock input (f) ) 


0 




10 


MHz 



ELECTRICAL CHARACTERISTICS (Ta = 0~75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V,H 


High-level input voltage 




2 






V 


V,L 


Low-level input voltage 








0.8 


V 


V,c 


Input clamp voltage 


Vcc = 4. 75V, lic= -12mA 






-1.5 


V 


VoH 


High-level output voltage 


Vcc = 4. 75V, ViH = 2V, Vil = 0. 8V 
Iqh = -AOO/uA 


2.4 






V 


Vol 


Low-level output voltage 


Vcc = 4. 75V, V|H = 2V, Vil = 0. 8V 
loL = 16mA 






0.4 


V 


I.H 


High-level input current 


Vcc = 5. 25V 


V| = 2. 4V 






40 


juA 


V = 4. 5V 






60 


l|L 


Low-level input current 


Vcc = 5. 25V, V| = 0. 4V 






-1.6 


mA 


'os 


Short-circuit output current 


Vcc = 5. 25V, Vi = 4. 5V, V, = OV, Vq = OV 


-18 




-57 


mA 


• cc 


Supply current 


Vcc = 5. 25V, V| = 4. 5V, V, = OV 






102 


mA 
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SWITCHING CHARACTERISTICS (Vcc = 5V. la = 25°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


fnnax 


Maximum clock frequency 


Cl= 15pF. RL = 400fl 
(Notel) 


10 






MHz 


tpHL 


High-to-low-level and Low-to-high-level propagation delay from 
clock input T, to outputs Oa through Oe 






35 


ns 


tpLH 






35 


ns 



TIMING DIAGRAM (Reference level = 1 5V) 



Note 1 I Test circuit 



3V 



INs, I \ I 




Oa~Oe 



/ 



\ r 

\ 1 Vo 



INPUT 




1 The pulse generator (PG) characteristics (T) • tf ^ 10ns, tf ^ 10ns, 
PRR = 1MHz, tpw ^ 15ns. V = SVp.p, Zo = 500 
The pulse generator (PG) characteristics (IN) . tr ^ 10ns, tf ^ 10ns, 
PRR = 500kHz, tpw ^ 20ns, V = SVp.p, Zq = 50n. 

2. All diodes used are high-speed switching diodes (trr ^ 4ns). 

3. Cl includes probe and jig capacitance 
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4-BIT BINARY-TO-SEVEN-SEGMENT DECODER/DRIVER 



DESCRIPTION 

The M54405P is a semiconductor integrated circuit witli a 
4-bit binary-to-seven-segment decoder/driver. It contains a 
TTL open collector output driver. 

FEATURES 

• High output breakdown voltage (Vo=15V) 

• Output current (lo= 16mA) 

• Displays 16 characters (0, 1~9, A, b, C, d, E, F) 

• Zero-suppression input/output (RBI, BI/RBO) 

• Lamp-test (LT) provided 

APPLICATION 

General-purpose industrial and consumer electronic digital 
equipment. 

FUNCTION 

The M54405P is a 4-bit binary-to-7-segment decoder/driver 
which can directly drive a mosaic type of display tube. In 
particular, it features English alphabet indication when 
numbers 10^15 are applied to inputs A, B, C and D in 4-bit 
pure binary code. The circuitry employs a TTL configuration 
and open collector outputs (15V breakdown voltage, 16mA 
load current, active low) are used in the output stage so 
that a display tube can be lighted directly. Auxiliary inputs 
include the lamp test input (LT) which lights all the seg- 
ments, regardless of the status of the inputs, the blanking 
input (BI/RBO) that blanks the segments, and the ripple 
blanking input (RBI) which blanks the segments only with a 
decimal "0" and which can be used for zero masking. 



PIN CONFIGURATION (TOP VIEW) 



BINARY CODE 
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BINARY CODE 
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SEGMENT 
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Outline 16P4 



* : OPEN COLLECTOR OUTPUTS 
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FUNCTION TABLE 
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Note 1 : LTjs normally kept high 

RBI should be kept open or high with a decinnal 0 output. 

2 : When 81 is low, all the segment outputs are set high regardless of the stat us of the other inputs 

3 : When RBI, A, B, C, D are low, all the segment outputs are set high and BI/RBO is set low. 

4 : When LT is low, all the segment outputs are set low. 

5 : X Irrelevant. 
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SEGMENT IDENTIFICATION 



Hexadecimal 
number 


0 
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ABSOLUTE MAXIMUM RATINGS (Ta= -20~+75C, unless othen/vlse noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V, 


Input voltage 




5.5 


V 


lo 


Output current 


Output high 


1 


mA 


Pd 


Power dissipation 




500 


mW 


Topr 


Operating temperature 




—20 1-75 


°C 


Tstg 


Storage temperature 




-65 — 1-150 


"C 



RECOMMENDED OPERATING CONDITIONS da = -20~+75C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4. 75 


5 


5.25 


V 


Vo 


Output breakdown voltage 


Outputs a~g 






15 


V 


loL 


Low-level state output current 


Outputs a~g 






16 


mA 


Fo 


Fan out 


Outputs BI/RBO 
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ELECTRICAL CHARACTERISTICS {Ta= -20~+70r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 




Typ* 


Max 


V|H 


High-level input voltage 




2 






V 




Low-level input voltage 








0. 8 


V 


V,c 


Input clamp voltage 


Vcc = 4. 75V, lie = -12mA 






— 1.5 


V 


'oh 


High-level output current (a~g) 


Vcc = 5. 25V, V|H = 2V, Vil = 0. 8V 
= 1 5V 






250 


mA 


VoH 


High-level output voltage (BI/RBO) 


Vcc = 4. 75V, loH = -0. 2mA 


2.4 


3.3 




V 


Vol 


Low-level output voltage (a~g) 


Vcc = 4. 75V, ViH = 2V, Vil = 0. 8V . 
Iql = 16mA 




0. 22 
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V 
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Low-level output voltage (BI/RBO) 


Vcc = 4. 75V, V|H = 2V, V,l = 0. 8V 
loL = 8mA 
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V 
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High-level input current (except BI/RBO) 


Vcc = 5. 25V, V, = 2. 4V 
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Low-level input current (except BI/RBO) 


Vcc = 5. 25V, V| = 0. 4V 






-1.6 


mA 


l|L 


Low-level current (BI/RBO) 


Vcc = 5. 25V, V| = 0. 4V 






-4.2 


mA 


los 


Output short-circuit current (BI/RBO) 


Vcc = 5. 25V 






-4 


mA 


'cc 


Supply current 


Vcc = 5. 25V 






90 


mA 


* : A typical value at Tq = 25°C 

SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25V, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH(A-a) 


Output low-to-high, high-to-low propagation time, 
from input A, RBI to outputs a thru g 


Cl= 15pF, Ru = 280n 






130 


ns 


tpHL(A-a) 






130 


ns 



TIMING DIAGRAM (Reference level = 1 5V) 



Note 6 : TEST CIRCUIT 



INPUT 



OUTPUT 
BI/RBO 



OUTPUT 
a~g 



tpLH 



\ / 



-3 5V 

-OV 
-3 5V 

• Vol 
■ 3.5V 

Vol 



INPUT 



50 



OUTPUT 



DUT 



^Rl 



1. The pulse generator (PG) characteristics tr ^ 10ns, tf ^ 10ns, PRR 

= 1 MHz, tpw = 500ns, Vp = 3.5Vp.p, Z© = 500 
2 Cl includes probe and jig capacitance. 
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APPLICATION EXAMPLES 

7-SEGMENT DISPLAY DRIVE CIRCUIT 



HOLD- 



SUPPLY VOLTAGE 




Qi Q2 Q3 Q4 
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7 SEGMENT DISPLAY ELEMENT 



DECODER 



T3-4 



-HOLD 



-"0" RESET 



CARRY 

OUTPUT 
Connection to next-stage 
M53293P count input (Ta) 



} LATCH 



> HEXADECIMAL COUNTER 



ZERO SUPPRESSION AND LIGHT CONTROL 



10^ 
(DIGIT 4) 



10^ 
(DIGIT 3) 
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g 

RBI BI/RBO 
A B C D LT 



BCD INPUTS 



LAMP TEST 



DISPLAY TUBE 
LIGHT CONTROL PIN 



g 

RBI BI/RBO 
A B C D LT 



BCD INPUTS 
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DESCRIPTION 

The M54406P is a semiconductor integrated circuit with a 
BCD-7-segment decoder/driver. It contains a TTL open 
collector output driver. 

FEATURES 

• High output breakdown voltage (Vo=15V) 

• Output current (lo=20mA) 

• Characters 6, 7, 9 light a, f, d respectively. 

• Zero-suppression input (RBI) and input/ output (81/ 
RBO) provided 

• Lamp test (LT) provided 

APPLICATION 

General-purpose industrial and consumer electronic digital 
equipment. 

FUNCTION 

When the BCD code is applied to the BCD inputs (A, B, C, 
D), the outputs (a'^g) are set low in accordance with the 
numerical value and, by connecting 7-segment display de- 
vices to each of the outputs, it is possible to display the 
characters given in the section "Displayed Characters." 
Open collector outputs are used for outputs (a~g) and, 
since the breakdown voltage is equal to or greater than 15V 
and the low-level output current is 20mA, it is possible to 
drive directly a 7-segment LED used for anode-common 
numerical display. 

It is possible to blank unnecessary high-order zeroes from 
significant numbers by setting the highest order input (RBI) 
low and connecting the output (BI/RBO) to the next order 
input (RBI) for each digit. 



PIN CONFIGURATION (TOP VIEW) 
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Outline 16P4 

* : OPEN COLLECTOR OUTPUTS 



When the blanking input (BI/RBO) is set low, the outputs 
(a~g) are set high regardless of the other inputs and the 
display device is extinguished. 

The outputs (a~g) are set low, regardless of the inputs 
(BI/RBO, A, B, C, D) , by setting the lamp test input (tt) 
low, and the display device can be lighted and each seg- 
ment tested. 

Apart from numerals 6, 7 and 9, the M54406P is identical to 
the M53247P in terms of electrical characteristics and pin 
connections. For the application example, refer to the 
M53247P. 



LOGIC DIAGRAM 



SEGMENT OUTPUTS 




BCD INPUTS 



* : OPEN COLLECTOR OUTPUTS 
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Note 1 : LTJs normally kept high. 

RBI Is kept open or high with a decimal 0 output. 

2 : When Bl is low, all the segment outputs are high irrespective of the status of the 

3 When RBI, A, B, C, D are low, all the segment outputs are set high and BI/RBO i 

4 '. When LT is low, all the segment outputs are low 

5 : X : Irrelevant 



other inputs 
s set low 
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CHARACTERS DISPLAYED 



Decimal 
number 


0 


1 


2 
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5 
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13 
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ABSOLUTE MAXIMUM RATINGS (Ta= -20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V, 


Input voltage 




5.5 


V 


Vo 


Output current 


Output high (a~f) 


15 


V 


Pd 


Power dissipation 




500 


mW 


Topr 


Operating temperature 




-20 — 1-75 


"C 


Tstg 


Storage temperature 




-65 — 1-150 





RECOMMENDED OPERATING CONDITIONS da = -20—^750, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 


Vo 


Output break down voltage 


Outputs a~g 






15 


V 


loL 


Low-level state output current 


Outputs a~g 






20 


nnA 


Fo 


Fan out 


Outputs BI/RBO 
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ELECTRICAL CHARACTERISTICS (Ta = -20~+70C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


MIn 


Typ* 


Max 


V,H 


High-level input voltage 




2 






V 


V|L 


Low-level input voltage 








0. 8 


V 


Vic 


Input clamp voltage (except BI/RBO) 


VcG==4.75V, lie == -12mA 






— 1.5 


V 


VoH 


High-level output voltage (BI/RBO) 


Vcc = 4. 75V, loH = -200// A 


2. 4 


3.7 




V 


'oh 


High-level output current (a~g) 


Vcc = 5. 25V, ViH = 2V, V|l = 0. 8V 
VoH= 15V 






250 


fx^ 


Vol 


Low-level output voltage (a~g) 


Vcc = 4. 75V, ViH = 2V, V,l = 0. 8V 
ioL = 20mA 




0. 27 


0.4 


V 


Vol 


Low-level output voltage (BI/RBO) 


Vcc = 4. 75V, ViH = 2V, V,l = 0. 8V 
loL = 8mA 




0.3 


0.4 


V 


I.H 


High-level input current (except BI/RBO) 


Vcc = 5. 25V 


V| = 2. 4V 






40 




V, = 4. 5V 






60 


IlL 


Low-level input current (except BI/RBO) 


Vcc = 5. 25V, V| = 0. 4V 






-1.6 


mA 


IlL 


Low-level input current (BI/RBO) 


Vcc = 5. 25V, V| = 0. 4V 






—4.2 


mA 


'os 


Output short-circuit current (BI/RBO) 


Vcc = 5. 25V, Vo = OV 






-4 


mA 


'cc 


Supply current 


Vcc = 5. 25V 




53 


90 


mA 



* : A typical value at Ta = 25°C 



SWITCHING CHARACTERISTICS (Vcc = 5V, la = 25 c, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Output low-to-high, high-to-low propagation time, 
from input A, RBI to outputs a thru g 


Cl= 15pF, RL = 280n 
(Note 6) 






100 


ns 


tpHL 






100 


ns 



TIMING DIAGRAM (Reference level = 1 5V) 



INPUT ^ 

OUTPUTS 
BI/RBO 


tpLH 


/ 




tpHL 




OUTPUTS \ 



tpLH 



■3.5V 
. OV 

• VoH 

■Vol 

■ VoH 



Note 6 : TEST CIRCUIT 

INPUT 



PG 



50fi^ 



OUTPUT 



OUT 



Rl 



1. The pulse generator (PG) has the following characteristics • tr ^ 10ns, 
tf ^ 10ns, PRR = 1MHz, tpw = 500ns, Vp - 3.5Vp.p, Zq = 50n. 

2. Cl includes probe and jig capacitance. 
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DESCRIPTION 

The 54410P is a TTL integrated circuit semiconductor used 
for controlling the function keys on tape decks. 

FEATURES 

• Non-locking function keys can be used 

• No need to prevent bounce 

• Built-in pull-up resistors for input pins 

• STOP nriode set when power is switched on 

• Wired- AND connection and transistor drive possible for 
output 

APPLICATION 

Tape decks, cassette recorders and VTRs 
FUNCTION 

The 5441 OP is configured so that the set and reset pins of 
the five R-S flip-flops serve as the input pins, and the 
desired tape mode is controlled by setting these input pins 
momentarily to low. Non-locking function keys can be used 
and there is no need to prevent bounce. 

The input pins contain pull-up resistors to achieve a high 
noise margin even under open conditions. 

The outputs have a resistive load, and both wired-AND 
connection and transistor drive are possible. When the 
power is switched on, the automatic reset function is 
energized and the mode is set to STOP. 



PIN CONFIGURATION (TOP VIEW) 



PLAY— ►[T 




16] Vcc 




STOP — [T 




lU — Off 




FF-»[T 




14]-*0fast 




MEMO-^|T 


MO'*'* 


13] — Orw 


OUTPUTS 






12]— OpLAY 




PAUSE 




TTI — ► OpAUSE 




REC-^[T 




10]— Orec 




GND [F 




T| — AR 


INPUT 



Outline 16P4 
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INPUT/OUTPUT EQUIVALENT CIRCUITS 



(1) Input equivalent circuit 

VccO 1 1 



* 6k Q > Req 



(2) Output equivalent circuit 

1 O Vcc 

i 1.5k Q 



7 



Input pin 


Req 


STOP, MEMO, REG, AR 


8kQ 


PAUSE , 


4kQ 


FF, RW 


2.7kQ 


PLAY 


1 .6kQ 



TTT 



77T 



PIN NAMES AND FUNCTIONS 



Pin name 


Function 




STOP 


Stop command input pin 


c 
a 


FT 


FF (Fast forward) command input pin ' 


Q. 
C 


RW" 


RW (Rewind) coinmand input pin 


O 


REG" 


REC (Record) command input pin, effective only when it is set to low together with PLAY 


C 
LL 


PAUSE 


Pause command input pin 




PLAY 


Play start command input pm, when set to low together with REC , recording starts 


Control 


MEMO 


Memory input pm 


input pin 


AR" 


Recording prevention input pin 




Ofast 


Output pin that goes high in the FF or RW mode 


c 


Off 


Output pin that goes high in the FF mode 




Orw 


Output pin that goes high in the RW mode 


□utpi 


Orec 


Output pin that goes high in the REC/PLAY ore REC/PAUSE mode 




0 PAUSE 


Output pin that goes high in the PAUSE mode 




OpLAY 


Output pin that goes high in the PLAY mode 



OPERATIONS WITH EACH INPUT 



Input signal 


Ofast 


Off 


Orw 


Orec 


0 PAUSE 


OpLAY 


Output mode 


STOP 


L 


L 


L 


L 


L 


L 


STOP mode 


FT 


H 


H 


L 


L 


L 


L 


FF mode 


RW" 


H 


L 


H 


L 


L 


L 


RW mode 


PLAY 


L 


L 


L ' 


L 


L 


H 


PLAY mode 


PAUSE 


L 


L 


L 


L 


H 


L 


PAUSE niode 


REC/PLAY 


L 


L 


L 


H 


L 


H 


REC/PLAY mode 


REC/PAUSE 


L 


L 


L 


H 


H 


, L 


REC/PAUSE mode 



Note 1. 
2. 
3. 
4. 
5. 



Input signal operates at the ]f_J fall. 

The output maintains the output state until the next input signal arrives 

REC /PLAY indicates that REC and PLAY are simultaneously set to low. 

REC/PAUSE indicates that REC and PAUSE are simultaneously set to low. 



MEMO and AR are control input pins, and when MEMO is low, the Orw output is not set to high 
Should the M E M 0 = be low when the Orw output is high, the Orw output is set to low. 
When AR is low, the Orec output is not set to high. 

Should the A R be low when the 0 rec output is high, the 0 rec output is set to low. 
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KEY CONTROLLER FOR TAPE DECK 



OPERATIONS FROM OUTPOUT MODES 



Present output mode 




FF 


RW 






REC/PLAY 






AR 


STOP 


PLAY 


PAUSE 


REC/PAUSE 


MEMO 


STOP mode 




FF mode 


RW mode 


PLAY 

mode 


PAUSE 

mode 


REC/PLAY 

mode 


REC /PAUSE 

mode 


STOP 

mode 


STOP 

mode 


FF mode 


STOP 

mode 




RW mode 


PLAY 

mode 


FFmode 


REC/PLAY 
mode 


FF mode 


FFmode 


FF mode 


RW mode 


STOP 

mode 


FF mode 




PLAY 

mode 


RW mode 


REC/PLAY 

mode 


R W mode 


STOP 

mode 


R W mode 


PLAY mode 


STOP 

mode 


F F mode 


RW mode 




PAUSE 

mode 


REC/PLAY 

mode 


REC /PAUSE 
mode 


PLAY 

mode 


PLAY 

mode 


PAUSE mode 


STOP 

mode 


F F mode 


RWmode 


PLAY 

mode 




REC/PLAY 
mode 


REC/PAUSE 

mode 


PAUSE 

mode 


PAUSE 

mode 


REC/PLAY mode 


STOP 

mode 


FF mode 


RW mode 


REC/PLAY 

mode 


REC/PAUSE 

mode 




REC /PAUSE 

mode 


REC 'PLAY 

mode 


PLAY 

inode 


REC/PAUSE mode 


STOP 

mode 


FF mode 


RW mode 


REC/PLAY 

mode 


REC/PAUSE 

mode 


REC/PLAY 

mode 




REC 'PAUSE 

mode 


PAUSE 

mode 



When an input signal enters in the present output mode, the output mode given in the above table is established. 
P^'^v^ ; This indicates that the output mode does not change. 



INPUT MULTIPLE PUSH OPERATIONS 



A input signal 


B input signal 


Output mode 


STOP 


FF. RW, REC. PAUSE, PLAY 


STOPmode 


FT 


RW" 


STOP mode 


REC. PAUSE 


FF mode 


PLAY 


STOPmode 


RW 


REC, PAUSE 


RWmode 


PLAY 


STOPmode 



OUTPUT MODE WITH POWER SWITCH-ON 

When the power is switched on, all the outputs are set to 
low and the STOP mode is established. 



A input signal 


B input signal 


Output mode 


rTc 


PAUSE 


REC/PAUSEmode 


PLAY 


REC/PLAY mode 


PAUSE <>: PLAY 


REC/PAUSEmode 


PAUSE 


PLAY 


PAUSE mode 



The output modes in the above table are established v;ith multiple input signals A 
and B. When the multiple push input signal operation has been released, the input 
signal released last is made effective and the corresponding output mode is 
established. 

(This does not apply to the REC/PAUSE and REC/PLAY modes.) 



ABSOLUTE MAXIMUM RATINGS (Ta = — 20~+75°C. unless otherwise noted ) 



Symbol 


Parameter 


Condition 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


Vi 


Inptu voltage 




Vcc 


V 


Vo 


Output voltage 


When output is high" 


Vcc 


V 


Pd 


Power dissipation 




500 


mW 


Topr 


Operating temperature 




-20~ +75 


"C 


Tstg 


Storage temperature 




-55 ~ +125 


"C 



RECOMMENDED OPERATING CONDITIONS (Ta= -20 +75 0 unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5 5 


V 


lOL 


Low-level output current 


Vcc = 5V±10% 






10 


mA 


Vcc = 5V±20% 






7 6 


lOH 


High-level output current 


Vcc = 5V±10% 






-1 6 


mA 


Vcc = 5V±20% 






-1 .4 
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ELECTRICAL CHARACTERISTICS da- -20~+75°C unless otherse noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 




ViH 


High-level inptu voltage 




2 






V 


ViL 


Low-level mput voltage 








0.8 


V 


Vic 


Input cidmp voltage 


Vcc = 4.5V, lic=-12mA 




— 1.0 


— 1.5 


V 


V|(open) 


Input open voltage 


Vcc = 4.5V, l| = OmA 


3.2 






V 


VOH 


High-level output voltage 


Vcc = 4.5V, V|H = 2V, ViL = 0.8V 
l0H = — 0.4mA 


2.9 


4.3 




V 


Vol 


Low-level output voltage 


Vcc = 4.5V, ViH = 2V, ViL = 0.8V 
IOL = 10mA 




0.25 


0.4 


V 


IlL 


Low-level input current 


STOP, MEMO, REG, AR input p 


ns 

Vcc = 5.5V, V| = OV 




-1 .4 


-2.3 


mA 


PAUSE input pin 




-1 .9 


-3.3 


FR RW input pins 




-2.4 


-4.2 


PLAY input pin 




-3.5 


-6.0 


'ox 


High-level output current 


Vcc = 4.5V, Vo = 0.9V 


-1.6 


-2.6 




mA 


Ice 


Circuit current 


Vcc = 5.5V- 




54 


90 


mA 



* : Typical values are at Ta=25°C 



APPLICATION EXAMPLE 

RECORDING 
RW PLAY PAUSE SIGNAL BRAKE 

FF SIGNAL SIGNAL SIGNAL SIGNAL SIGNAL 



/DELAY CIRCUIT WHEN 
FAST MODE SWITCHED 
\ TO PLAY OPERATION 




15 




14 




13 




12 




11 




10 


1 


FAST 
1 


1 


► 

1 


II 

1 


REG 

1 



M544I0P 



I i \ \ \ \ 

► ■ ►► MEMQ- « II REG GND 



1 




2 




3 




4 




5 




6 




7 




8 



„ ® 



RECORDING 
PREVENTION 



-OUTPUT 



MEMORY SIGNAL 
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DESCRIPTION 

The M54418P is a semiconductor integrated circuit consist- 
ing of an automatic tape selector capable of switching a re- 
cording equalizer and a bias voltage control. 

FEATURES 

• Recording EQ switch output pin can withstand 3 V posi- 
tive or negative voltages. 

• Output voltage can be set freely to any value from 4 to 
18V by adjusting the ratio of externally connected resis- 
tors. 

• Built-in output current to mute output 

• REC INH input available to mute output 

APPLICATION 

Tape decks, radio cassette recorders, and other audio 
equipment. 



PIN CONFIGURATION (TOP VIEW) 



BIAS INPUT-.. 



BIAS CONTROL \ MeXa\ * 
AND DISPLAY 
OUTPUT I Cr02 

DISPLAY AND PB, 

EQ SWITCHING Normal 

OUTPUT 

Metal(L) - 



RECORDING 
EQ 

SWITCHING 
OUTPUT 
(LEFT 
CHANNEL) 



CrOzd) " 
Peaking(L) - 
GND 




VOLTAGE 
CONTROL 
Bias Out OUTPUT 
REC 

RECINH PJpOJf ™N 

T2o;;^/70/.s^swr/jS^G 

Kii«toi/r>rr> Metal/Cr02 

Metal/GrOa switching 



Metal(R) 
CrOslR) 

. /r,\ (RIGHT 

Peaking! R)| channel) 



I recording 

CrOolR) i switching 
I output 



Outline 16P4 



FUNCTION 

The M54418P is a semiconductor integrated circuit consist- 
ing of an automatic tape selector. It is capable of switching 
Metal/CrOa/Normal recording equalization and the OSC 
bias control voltage based on switches activated by cutouts 
on the back edge of the cassette shell. 
The emitter of the recording EQ switching output transistor 
is connected to output pin and the collector to GND. As the 
device operates as a reverse bias transistor, the recording 
EQ switching pin withstands voltages up to 3 V (low satura- 
tion resistance Rs=10n max at lc= 3 mA). 



The OSC bias control voltage is supplied by an external 
power transistor connected at the BIAS OUT pin. The out- 
put voltage can be set to any value from 4 to 18V by ad- 
justing the ratio of externally connected resistors. The cur- 
rent control circuit is built-m to meet the safety standards of 
tape decks. The REC INH pin enables the output to be 
muted. (VouT is turned off when REC INH is set high). 



BLOCK DIAGRAM 



RECORDING 
EQ 

SWITCHING 
OUTPUT 
(LEFT CHANNEL) 




Bias Out 

14) REC IfvlH 

13) T20^/70;us 

J2) Metal/Cr02 

n) Metal(R) 

3q) Cr02(R) 

9) Peaking(R) 



RECORDING 
EQ 

SWITCHING 
OUTPUT 
(RIGHT 
CHANNEL) 
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TAPE SELECTOR 



OPERATIONAL DESCRIPTION 
Truth Table 



Inputs 


Outputs 


Corresponding 
tape 


mu S/70mS 


Metal/CrOa 


Bias switching and display 


Recording EQ switching (L) 


Recording EQ switching (R) 


Metal 


CrOz 


Normal 


Metal(L) 


Cr02(L) 


Peaking(L) 


Peaking(R) 


CrOsCR) 


IVIetaKR) 


pin 13 


pin 12 


pin 2 


pin 3 


pin 4 


pin 5 


pin 6 


pin 7 


pin 9 


pin 10 


pin 1 1 


H 


H 


L 


H 


H 


L 


H 


H 


H 


H 


L 


Metal 


H 


L 


H 


L 


H 


H 


L 


L 


L 


L 


H 


Cr02 


L 


X ^ 


H 


H 


L 


H 


H 


L 


L 


H 


H 


Normal 



X : "H" or "L"(7)l>f n^^Tto 



Setting of OSC+B voltage 




*■ To OSC+B 



When REC INH signal is high (V,h^1. 2V), Vq is turned off and when it is low 
(ViL^O. 5V), Vo is turned on 

Output voltage Vo=Vref ( 1 +Ro/Rx) 
Rx=Rm (for Metal) 
= Rc (for Cr02) 
= Rn (for Normal) 
Vref%1.5V 

Note 1 . Cref is a capacitor for time constant adjutment at the rising edge of output voltage. 
Remark I NPN transistor in semiconductor Integrated circuit 
Forward NPN transistor 



Base O- 



-f O Collector 

I 



Emitter Base Collector 



i 



Emitter 



No negative voltage can be applied to the collector due to the parasitic 
diode between the substrate and the collector. 

Reverse NPN transistor 



p Substrate 



T 



Base O— 



-O Collector 



Negative voltage can be applied to the emitter by leaving the base open 
and turning the transistor off because no parasitic diode exists. 
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ABSOLUTE MAXIMUM RATINGS (Ta=-10~+70C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 h25 


V 


V, 


Input applied voltage 


120/iS/70/^S, Metal/CrOz 


-0. 5 — h25 


V 


Bias, REC INH 


-0. 5 — h 5 


Vo 


Output applied voltage 


Recording EQ switching output (output off) 


-3 — h3 


V 


Metal, Cr02, Normal (output off) 


-0. 5 — 1-25 


Bias Out 


(output on) 


-0. 5~Vcc 


(output off) 


-0.5 — h 3 


Topr 


Operating temperature 




-10 — h70 


°c 


Tstg 


Storage temperature 




-40~+125 




Pd 


Power dissipation 




0—800 


mW 


lo 


Output current 


Recording EQ switching output (output on) 


-5 — 1-5 


mA 


Metal, Cr02, Normal (output on) 


0—10 


RECOMMENDED OPERATING CONDITIONS (Ta=-io~+70c) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




8 


20 


23 


V 


Vo 


Output applied voltage 


Metal, CrOz, Normal (output off) 






23 


V 


Recording EQ output (output off) 






±2.5 


loL 


Low-level output current 


Metal, CrOa, Normal (output on) 






5 


mA 


Recording EQ on (output on) 






±3 


lo 


Output load current 


Vcc=20V, VouT=4~18V 






-1 


mA 


R 


Externally connected resistor for voltage setting 


Rqi Rx 


1 




20 





ELECTRICAL CHARACTERISTICS (Ta=25r, unless otherwise noted) 



Symbol 


Parameter 




Test coditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


VlH 


High-level input voltage 


Pins 12, 13 


Vcc= 8 ~23V 


3 




23 


V 


Pin 14 


1.2 




4 


V,L 


Low-level input voltage 


Pins 12, 13 


Vcc= 8 ~23V 


0 




0.8 


V 


Pin 14 


0 




0.5 


llH 


High-level input current 


Pins 12, 13 


Vcc=ViH=23V 






30 


/.A 


l|L 


Low-level input current 


Vcc=23V, ViL=OV 






-100 


llN 


Input current 


Pin 14 


Vcc=23V, ViN= 1 V 






0.5 


mA 


Vol 


Low-level output voltage 


Pins 2,3,4 


VcG=8V, loL=5mA 






100 


mV 


Pins 5 through 7, Pins 9 through 1 1 


Vgc=8V, loL=±3mA 






±30 


lolk 


High-level output leak current 


Pins 2,3,4 


Vcc=23V, VoH=23V 






30 


//A 


Pins 5 through 7, Pins 9 through 1 1 


Vcc=23V, Vc=±3V 






±10 


Bout 


Control output voltage 


Pin 15 


Vcc=20V, lo=- 1 mA 


4 




18 


V 


TCvo 


Output voltage 
temperature coefficient 


Pin 15 


Vcc=20V, Vo=4~18V, Ta= 0 ~50°C 




0. 02 




%rc 


Vref 


Reference voltage 






1.35 


1.5 


1.65 


V * 


'cc 


Supply current 


All outputs open 


Vcc=23V 




15 


30 


mA 


'sias 


Bias input current 


Pin 1 


Vcc=23V, Vih=Vref 






10 




Is 


Output short circuit current 


Pin 15 


Vcc=23V, Vo=OV 




-1.5 


-3 


mA 
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TYPICAL CHARACTERISTICS (Ta=25°C, unless otherwise noted) 

SUPPLY VOLTAGE VS SUPPLY CURRENT INPUT VOLTAGE VS INPUT CURRENT 



40 



(Vcc=23V, PINS 12, 13) 



< 

1 30 




SUPPLY VORTAGE Vcc (V) INPUT VOLTAGE V,n (V) 



INPUT VOLTAGE VS INPUT CURRENT 
(Vcc=23V, PIN 1 ) 

20r 



INPUT VOLTAGE VS INPUT CURRENT 
(Vcc=23V, PIN 14) 
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OUTPUT SATURATION VOLTAGE (+, -) 
(Vcc=8V, PINS 9, 10, 11) 



LOAD CHARACTERISTICS (PIN 16) 



< 
E 



























































— 

















































































































































-PIN 9 
- PIN 11 
-PIN 10 



CD 
< 

Is 
O 



o 



-30 -20 -10 0 10 20 30 
OUTPUT SATURATION VOLTAGE Vs (mV) 

APPLICATION EXAMPLE 



0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
LOAD CURRENT L (mA) 

RECORDI NG E Q (RIGHT CHANNEL) 

I I 



TO OSC+B 



REC INH I 



Vcc-e- 



-^OUT 



CUTOUTS 
ON THE I Metal 
BACK EDGE i 



UjUj 



OF I 
\ y CASSETTE. 
\, / S HELL 

^/Q. '^/^ 



Peaking 



fT6lfi5l[Hl[T3]fl2l[lT|fiol[9 



Vcc Bias REC'120AiS Metal M(R) C(R) P(R) 



Out INH 



mn% /Cr02 



M54418P 

Bias Metal CrOg Normal M(L) C(L) P(L) GND 



L2jL3jmi5jL6jmL8 



FLD Vc( 



(DISPLAY OUTPUT) 
Metal ^ 



CrOg * 
Normal 



A il i\ 



Metal CrOs 



Peaking~j 



RECORDING EQ (LEFT CHANNEL) 
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DESCRIPTION 

The M54455L is a semiconductor integrated circuit con- 
sisting of a 1/4, 1/8, 1/40 high speed frequency divider with 
an ECL circuit configuration. 

FEATURES 

• High-speed operation (ff^gx ^ MHz) 

• Operation at low input amplitude (400mVp.p minimum 
input amplitude) 

• TTL level output 

APPLICATION 

FM radio prescalers; digital equipment for consumer and 
industrial applications. 

FUNCTION 

This divider is based on an ECL circuit configuration. If 
a frequency up to a maximum of 150MHz is applied to the 
input (Ti) pin, a 1/4-divided output can be obtained when 
the frequency division ratio selection input (Mi and M2) 
pins are both low. When pins Mi and M2 are at high and 
low a 1/8-divided output is obtained and both pins are high, 
a 1/40-divided output is obtained. The output (Tq) con- 
forms to the TTL level open collector format. The table 
right side gives the relationship between the input condi- 
tions and the freqency division ratio. 



MITSUBISHI BIPOLAR DIGITAL ICs 

IVI544S5L 



1/4, 1/8, 1/40 HIGH SPEED DIVIDER 



PIN CONFIGURATION (TOP VIEW) 




GND [T 






FREQUENCY 
DIVISION RATIO 
SELECTION INPUT 


M2 -^[T 






INPUT 




M5A 




INPUT Troec^-^r^" 
REFERENCE BIAS ^"^'^^ ' — 


r455L 






NC |T 






SUPPLY VOLTAGE 


Vcc |T 






OUTPUT 


To ^[S_ 










* : Open collector output 






NC : No connection 




Outline 8P5 





FREQUENCY DIVISION RATIO SELECTION 

INPUTS (Ml , M2 ) AND FREQUENCY DIVISION RATIOS 



Ml 


L 


H 


H 


M2 


L 


L 


H 


Frequency 
divition ratio 


1/4 


1/8 


1/40 



Note Do not use the devider with Mj low and M2 high 



BLOCK DIAGRAM 



FREQUENCY DIVISION. 
RATIO SELECTION INPUT 



M 1 (2 



M2 (3 



INPUT T| (4 



i>- 



INPUT REFERENCE BIAS 

Vref 

© 



Vcc 

-<z> 



01 



1/2 




1/2 






1/2 






1/5 


DIVIDER 




DIVIDER 




DIVIDER 




DIVIDER 



-<i>- 



Csj To* OUTPUT 



* : OPEN COLLECTOR OUTPUT 
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1/4, 1/8, 1/40 HIGH SPEED DIVIDER 



ABSOLUTE MAXIMUM RATINGS (Ta 10~+751C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V, 


Input voltage 




2.5 


V 


V,M 


Input voltage (M input) 




Vcc 


V 


Vo 


Output applied voltage 




5.5 


V 


Pd 


Power dissipation 


Ta=25°C 


1.33 


w 


Topr 


Operating temperature 




-10 — h75 




Tstg 


Storge temperature 




-55 — 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=-10~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5 


5.5 


V 


f|N 


Input frequency 




30 




130 


MHz 


V,N 


Input ampliead 


Vcc=5V, f|N=30~1 30MHz 


400 




800 


mVp-p 


V|H(M) 


High-level M input voltage 




2.5 




Vcc 


V 


V|L(M) 


Low-level IVI input voltage 




0 




0.4 


V 



ELECTRICAL CHARACTERISTICS (Ta=-10~+75r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Ice 


Supply current 


Vcc=5V 






13 


mA 


V,N 


Prescaler operating input 


Vcc=5V,__f|N=30~ 130MHz, Ta=25°C 






400 


mVp-p 


l|H(M) 


High-level M input current 


Vcc=5V, VoH=2. 5V 




0 




juA 


l|L(M) 


Low-level M input current 


Vcc=5V, VoL=0. 4V 




30 




uA 


'o(leak) 


Output leal< current 


Vcc=5V, Vo=5. 5V 






100 


mA 


Vol 


Low-level output voltage 


Vcc=5V, loL=5mA 






0.5 


V 



fmax TEST CIRCUIT 




ifr w 



Ci^lOOOpF. Cz— lOOOpF, Cl— 5pF, RL=3~5kQ, 
C3— 0. VF 



TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS 
INPUT FREQUENCY 



> 

UJ 
Q 



3 
Q. 
Z 





























Vcc =5V 
Ta =25°C 



































































































50 100 150 

INPUT FREQUENCY f,N (MHz) 
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IVIS4459L 

1/20, 1/100 HIGH SPEED DIVIDER 



DESCRIPTION 

The M54459L is a semiconductor integrated circuit consist- 
ing of a built-in 1/20 and 1/100 high speed frequency 
divider featuring an ECL circuit configuration. 

FEATURES 

• High-speed operation (fmax ^ 130MHz) 

• Operation at low input amplitudes (ISOmVp.p minimum 
input amplitude) 

• TTL level output 

APPLICATION 

FM radio prescalers, digital equipment for consumer and 
industrial applications. 

FUNCTION 

This divider is based on an ECL circuit configuration. When 
a frequency up to a maximum of 130MHz is applied to the 
Ti input pin, a 1/20-divided output is produced when the 
division ratio selection input pin (M) is low-level or a 
1/100-divided output is produced when the division ratio 
selection input pin (M) is high-level. The output (Tq) is 
available in the TTL level open collector format. 



PIN CONFIGURATION (TOP VIEW) 


GND 1^ 






NC [T 

FREQUENCY 

DIVISION RATIO ka 

SELECTION INPUT " 

INPUT T -»[T 

INPUT ^rr 

REFERENCE BIAS T(REF) L±. 

NC |T 


M54469L 




SUPPLY VOLTAGE Vqc [j^ 






OUTPUT To** |T 








* : open connector output 
NC : No connection 


Outline 8P5 





Frequency division ratio selection input (M) and 
ratios 



M 


Low 


High 


Divi&ion ratio 


1/20 


1/100 



BLOCK DIAGRAM 



INPUT REFERENCE BIAS 
Vref 



FREQUENCY DIVISION ka 
RATIO SELECTION INPUT 




To^ OUTPUT 



1/2 

DIVIDER 




1/2 




1/5 






1/5 




DIVIDER 




DIVIDER 




DIVIDER 



* : OPEN COLLECTOR OUTPUT 
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ABSOLUTE MAXIMUM RATINGS (Ta 10~+75t;, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V, 


Input voltage 




2.5 


V 


Vo 


Output applied voltage 




5.5 


V 


Pd 


Power dissipation 


Ta=25°C 


1.33 


w 


Topr 


Operating temperature 




-10 — 1-75 


°c 


Tstg 


Storage temperature 




-55 — 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=-10~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5 


5.5 


V 


fiN 


Input frequency 




30 




130 


MHz 


V,N 


Input amplitude 


Vcc=5V, f,N=30~1 30MHz 


200 




800 


nnVp— p 


V|H(M) 


High-level M input voltage 




2.6 




Vcc 


V 


V|L(M) 


Low-level M input voltage 




0 




0.4 


V 



ELECTRICAL CHARACTERISTICS (Ta=-10~+75r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'cc 


Supply current 


Vcc=5V 




6.5 


10 


nnA 


V,N 


Prescaler operating input 


Vcc=5V. fiN=30~130MHz, Ta=25°C 






180 


mVp-p 


l|H(M) 


High-level M input current 


Vcc=5V, V,H(M)=2. 6V 




2 






l|L(M) 


Low-level M input current 


Vcc=5V, V|L(M)=0. 4V 




0. 1 






'o(leak) 


Output leak current 


Vcc=5V. Vo=5. 5V 






100 


mA 


Vol 


Low- level output voltage 


Vcc=5V, loL=5mA 






0.5 


V 



fmax TEST CIRCUIT 



TYPICAL CHARACTERISTICS 



INPUT AMPLITUDE VS 
INPUT FREQUENCY 






160 




140 


a. 




> 


120 






z 


100 


> 




UJ 

Q 


80 






l- 




PLI 


60 






< 
1- 


40 


D 




Q. 




Z 


20 




0 



Ci===1000pF, C2— lOOOpF, Ca^lOOOOpF, Rl— 5ka 

Notes : The adove figure shows the configuration with 1/20 frequency division. 

Connect the frequency division ratio selection input (M) to the supply 
voltage Vcc pm for 1/100 frequency division. 















V 


II 

cci=5V 
















T 


a 


= 25°C 



























































































































30 40 50 60 70 81 



INPUT FREQUENCY f,N (MHz) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54460L 

1/10, 1/100 HIGH SPEED DIVIDER 



DESCRIPTION 

The M54460 is a semiconductor integrated circuit consist- 
ing of a built-in 1/10 and 1/100 highspeed frequency 
divider featuring an ECU circuit configuration. 

FEATURES 

• High-speed operation (fmax = 130MHz) 

• Operation at low input amplitudes (200mVp.p minimum 
input amplitude) 

• Open collector type of output 

APPLICATION 

FM radio prescalers 

Digital equipment for consumer and industrial applications. 



FUNCTION 

This driver is based on an ECL circuit configuration. When 
a frequency up to a maximum of 130MHz is applied to the T 
input pin, a 1/10-dvded output is produced when the divi- 
sion ratio selection input pin (M) is low-level or a 1/100- 
divided output is produced when the division ratio selection 
input pin (M) is high-level. The output (Tq) is an open col- 
lector output. 

When you use the Vcci (7pin) , the Vcc2 (6pin) must be 
opened. And you use the Vcca (6pin), the Vcci (7pin) must 
be opened. 



PIN CONFIGURATION (TOP VIEW) 





To* 


OUTPUTS 


I] 


Vcci 


SUPPLY 
VOLTAGE 1 


I] 


VcC2 


SUPPLY 
VOLTAGE 2 




y- INPUT 

1 (REF) REFERENCE BIAS 




T 


INPUT 




M 


FREQUENCY 
DIVISION RATIO 
SELECTION INPUT 


U 


NC 




I! 


GND 





* Open connector output 
NC : No connection 

Outline 8P5 



BLOCK DIAGRAM 



INPUT 
REFERENCE 
_BIAS 

T(REF) 

— (? 



VcC2 Vcci 

-0 ©- 



FREQUENCY DIVISION M (sV 
MIO SELECTION INPUT ' W 



(4>- 



A 




8) To* OUTPUT 



1/2 

DIVIDER 




1/5 






1/2 




1/5 




DIVIDER 






DIVIDER 




DIVIDER 



GND 



♦ : OPEN COLLECTOR OUTPUT 
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MITSUBISHI BIPOLAR DIGITAL ICS 

IVI54460L 



1/10, 1/100 HIGH SPEED DIVIDER 



ABSOLUTE MAXIMUM RATINGS (Ta 10~+75C, umess otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcci 


Supply voltage 1 




5 


V 


VcC2 


Supply voltage 2 




7 


V 


V, 


Input voltage 




2.5 


V 


Vo 


Output applied voltage 




5.5 


V 


Pd 


Power dissipation 


Ta=75°C 


650 


mW 


Topr 


Operating temperature 




-10 — 1-75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 


"C 



RECOMMENDED OPERATING CONDITIONS (Ta=-10~+75°C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcci 


Supply voltage 1 




2.7 


3 


3.3 


V 


VcC2 


Supply voltage 2 




4.5 


5 


5.5 


V 




Input frequency 




30 




130 


MHz 


V,N 


Input amplitude 


Vcci=3V,fiN=30~l 30MHz 


200 




800 


mVp-p 


ViH(M) 


High-level M input voltage 


Vcci=3V, Vcc2 • Open 


2.6 




3 


V 


Vcci • Open, Vcc2=5V 


V|L(M) 


Low-level M input voltage 








0.4 


V 



ELECTRICAL CHARACTERISTICS (Ta=-10~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Icci 


Supply current 1 


Vcci=3V 




6 


9 


mA 


Icc2 


Supply current 2 


Vcc2=5V 




8 




mA 


V,N 


Input frequency 


Vcci=3V, f|n=30~130MHZ, Ta=25°C 






150 


mVp— p 


l|H(M) 


High-level M input current 


Vcc=3V, V,H(M)=2. 6V 




2 




juA 


l|L(M) 


Low-level M input current 


Vcc=3V, ViL(M)=0. 4V 




0. 1 




mA 


lo(leak) 


Output leak current 


Vcc=3V, Vo=5. 5V 






100 


/uA 


Vol 


Low- level output voltage 


Vcc=3V. loL=5mA 






0.5 


V 



fmax TEST CIRCUIT 



50 I 





Vcci VcC2 


T 


(REF) 






T 






§ To 






M 






GND 



I' 



OSCILLO- 
SCOPE 



TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS 
INPUT FREQUENCY 



Ci==^1000pF. Cz— lOOOpF, C3— 0. 1/^F, Rl=3~5KQ, 

Notes '. The "H" level of the frequency divider ratio change input M should be 

2.6V (min) and 3V (max) when Vcci 's used as the power supply, M input 
can be connocted directly to Vcci 

When Vcc2 is used, "H" level should be see to with in the rarge of values 
given above 




INPUT FREQUENCY f|N (MHz) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54466L 

1/10,1/11 HIGH SPEED DIVIDER WITH ECL OUTPUT 



DESCRIPTION 

The M54466L is a semiconductor integrated circuit consist- 
ing of a 1/10, 1/11 divider using emitter-coupled logic. 

FEATURES 

• High-speed operation (fmax=300MHz) 

• ECL level output 

• Synthesized operation up to 300MHz when used in con- 
junction with PLL ICs such as the M54929P- 

APPLICATION 

Amateur radio and other communication equipment 

FUNCTIONAL DESCRIPTION 

The M54466L consists of a divider using emitter-coupled 
logic. When a frequency up to 300MHz maximum is applied 
to input T|, 1/10 division is obtained. When modulus input 
changes from low to high, one pulse of input pulse T is 
skipped and 1/11 division is obtained. 
The outputs To, To are ECL level. 



PIN CONFIGURATION (TOP 


VIEW) 




GND 


[T 


\ 






NC 


L±- 






MODULUS CONTROL INPUT 
COUNT INPUT 


MOD-* 

T| — 


E 


M54' 




REFERENCE BIAS INPUT 


Vref- 


K 


o> 

O) 




DIVIDER OUTPUT 


To^ 


K 


r 






Vcc 








DIVIDER OUTPUT 




E 






Outline 


8P5 












NC : No connection 



BLOCK DIAGRAM modulus control input 

MOD 




CLOCK PULSE 
SKIPPER 
CIRCUIT 



Vref 
REFERENCE 
BIAS INPUT 



1/2 DIVIDER 



1/5 DIVIDER 



^x- DIVIDER 
SJ To OUTPUT 

(J) To DIVIDER 
V ° OUTPUT 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54466L 



1/10,1/11 HIGH SPEED DIVIDER WITH ECL OUTPUT 



I/O CIRCUIT DIAGRAAA 




Note 1 . Typical values are at Vcc= 5 V, Ta=25°C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54466L 



1/10,1/11 HIGH SPEED DIVIDER WITH ECL OUTPUT 



ABSOLUTE MAXIMUM RATINGS (Ta^ 20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Min 


Max 


Vcc 


Supply voltage 




-0.5 


6.0 


V 


V, 


Input voltage 




-0.5 


Vcc 


V 


Vo 


Output voltage 




-0.5 


Vcc 


V 


Pd 


Power dissipation 


Ta =75°C 




350 


mW 


Topr 


Operating temperature 




-20 


+75 


°C 


Tstg 


Storage temperature range 




-40 


+125 


"C 



RECOMMENDED OPERATING CONDITIONS (Vcc=4. 5-5. 5V. Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Remarl< 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5.0 


5.5 


V 






Input frequency 




30 




300 


MHz 


Sine wave 


V,N 


Input amplitude 


Fin =30~300MHz 


400 




800 


mVp-p 




ViHMOD 


MOD high-level input voltage 


Vcc = 5V, Ta=25°C 


2.7 






V 




ViLMOD 


MOD low-level input voltage 


Vcc = 5V, Ta=25°C 






2.3 


V 




FiNMOD 


MOD input frequency 








30 


MHz 




ELECTRICAL CHARACTERISTICS (Ta=25C. unless otherwise noted) 


Symbol 






Test conditions 


Limits 


Unit 


Parameter 


Test pin 


Min 


Typ 


Max 


'iHMOD 


MOD high-level input current 


Pin 3 


Vcc = 5V 

V,HM0D=2. 7V 






30 


A/A 


huMOD 


MOD low-level input current 


Pin 3 


Vcc = 5 V 

V,LMOD=2.3V 


-20 






//A 


Ice 


Supply current 


Pin? 


Vcc =5. 5V 
Ta=-20~+75"'C 




30 


45 


nnA 


Vo 


Output amplitude 


Pins 6, 8 


Vcc =4. 5~5. 5V 
F,N =300MHz 


300 






mVp-p 



Typical values are at Vcc = 5 V, Ta =25°C . 



fmax TEST CIRCUIT 



SAMPLING 
OSCILLO- 
SCOPE 



pVo 
7 



T, c 
Vref' 



GND 



S.G 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54466L 



1/10.1/11 HIGH SPEED DIVIDER WITH ECL OUTPUT 



APPLICATION EXAMPLE 









' Da 




Db 


4-BIT 




DATA 


Dc 




s °° 


Reset 




CPS 




Lock 


CONTROLLER 


(M58497P) 




TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS 
INPUT FREQUENCY 



0 





Vcc = 
Ta=^ 


=5. OV 



























20 100 200 300 400 



INPUT FREQUENCY f,N (MHz) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4468AL 



1/256 HIGH SPEED DIVIDER WITH ECL OUTPUT 



DESCRIPTION 

The M54468AL is a semiconductor integrated circuit con- 
sisting of an high-speed 1/256 divider using emitter- 
coupled logic. 

FEATURES 

• High-speed operation (fmax=1- IGHz) 

• Operates at low input amplitude (150mVP— P min) 

• ECL level output 

APPLICATION 

Prescalers for PLL synthesized TV tuners, and general use 
In Industrial and consumer digital equipment. 

FUNCTION 

The M54468AL consists of a divider using emitter-coupled 
logic. When a frequency from 80 through 1,100MHz is ap- 
plied to the input pin T, the 1/256 divided frequency is 
obtained. 

The output Q is ECL level. 



PIN CONFIGURATION (TOP VIEW) 



GND |T 

NC [T 

NC [7 

INPUT - [T 

REFERENCE INPUT T(ref) {£. 

NC {£ 

SUPPLY VOLTAGE Vcc [T 

OUTPUT Q [T 



4:^ 



Outline 8P6 



NC : No connection 



BLOCK DIAGRAM 

Vcc 

I (D 



INPUT T (4 
REFERENCE = . 




1/2 




1/2 




1/4 


1/4 


DIVIDER 




DIVIDER 




DIVIDER 


DIVIDER 



1/2 




1/2 




BUFFER 




DIVIDER 




DIVIDER 






— ( 















(8 ) To OUTPUT 



-<!> 

GND 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54468AL 



1/256 HIGH SPEED DIVIDER WITH ECL OUTPUT 



ABSOLUTE MAXIMUM RATINGS (Ta=-10~+75t, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V, 


Input voltage 




Vcc 


V 


Pd 


Power dissipation 


Ta=25°C 


1.33 


w 


Topr 


Operating temperature 




-10~+75 


"C 


Tstg 


Storage temperature 




-55 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=-10~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5 


5.5 


V 


^IN 


Input frequency 




80 




1100 


MHz 


V,N 


Input amplitude 


Vcc=5V, f|N=80~1 100MHz. Ta=25'C 


150 




1000 


mVp.p 



ELECTRICAL CHARACTERISTICS (Ta=-10~+75°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Ice 


Supply current 


Vcc=5V 


40 


47 


60 


mA 


V,N 


Input amplitude 


Vcc=5V, Ta=25°C 
f,N=80MHz~1 100MHz 






150 


mVp.p 


Vo 


Output amplitude 


Vcc=5V 


0.6 






Vp.p 



fmax TEST CIRCUIT 



TYPICAL CHARACTERISTICS 



Ci 



02 

50 I Hh 



/cc 03 



Vcc 
CJl 



> 

r 

T (REF) 

GND 



Ci— Cz— lOOOpF. C3==0.1yt/F 
Resistance '. Q, 



OSCILLO- 
SCOPE 



Q 



Q. 
Z 



300 



200 



100 



INPUT AMPLITUDE VS 
INPUT FREQUENCY 









V 


CQ- 


=5V 


Ta 


■ 

=25 










































































































\ 

























200 400 600 800 1000 1200 
INPUT FREQUENCY f,N (MHz) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54471P/L 

1/64 HIGH SPEED DIVIDER WITH ECL OUTPUT 



DESCRIPTION 

The M54471P/L is a semiconductor integrated circuit con- 
sisting of an high-speed 1/64 divider using emitter-coupled 
logic. 

FEATURES 

• High-speed operation (fmax=l- 25GHz) 

• ECL level output 

APPLICATION 

Prescalers for PLL synthesized TV tuners, and for general 
use in industrial and consumer digital equipment. 

FUNCTION 

The M54471P/L consists of a divider using emitter-coupled 
logic. When a frequency from 80 through l,250IVIHz is ap- 
plied to input pin T, the 1/64 divided frequency is obtained. 
The output Q is ECL level. 



INPUT NC [T 

T [F 

REFERENCE INPUT T [T 

Vcc U 



PIN CONFIGURATION (TOP VIEW) 



"TIT- 

O 





GND 


E 




NC 


U 




NC 


E 


INPUT 


T 


E 


REFERENCE 
INPUT 


T (REF) 


E 




NC 


E 


SUPPLY 
VOLTAGE 


Vcc 


E 


OUTPUT 


Q 


E 



T| GND 
T] NC 

T] NC 



Outline 8P4 



2 



Outline 8P5 



NC '. No connection 



BLOCK DIAGRAM 



INPUT T (2) 



REFERENCE 



T (REF) C 3 J 




1/2 



1/2 



o- 

GND 



SUPPLY VOLTAGE 



1/4 



1/4 



ECL 

i 

ECL 



-® 



Q 

OUTPUT 



J 
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IVI54471P/L 



1/64 HIGH SPEED DIVIDER WITH ECL OUTPUT 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 3—6. 5 


V 


V| 


Input voltage 


T, T (REF) inputs 


0-2.5 


V 


Pd 


Power dissipation 


Ta =25°C 


1. 18 


w 


Topr 


Operating temperature 




-20 — h75 


r 


Tstg 


Storage temperature 




-55 — 1-125 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5.0 


5.5 


V 




Input amplitude 


f=80~ 1250MHz 


-4 




4 


dBm 


ELECTRICAL CHARACTERISTICS (Vcc=5V±10%,Ta=-20~+75r, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'cc 


Supply current 


Vcc=5. 5V 


30 


40 


60 


mA 


V,N1 


Input sensitivity 1 


fiN=80MHz~nOOMHz 


-16 




4 


dBm 


V,N2 


Input sensitivity 2 


fiN=1100MHz~l 250MHz 


-4 




4 


dBm 


Vo 


Output amplitude 


Vcc=4. 5V, f|N= 1250MHz 


0.8 


1.3 




Vp-p 



Typical values are at Vcc=5. OV, Ta=25°C. 



TYPICAL CHARACTERISTICS 



TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS 
INPUT FREQUENCY 



Kb}- 



^fir{L NC GND 3 



i:o.47^iooor 



Q O OUTPUT 

Ci— C2=1000pF 



Note 1 * Normally the NC pins must be grounded 

2 The probe capacitance and resistance to set the output must have 
the characteristics of Cin ^ lOpF, R|n ^ 1 Mfi 



TEST CIRCUIT 



M54471L 
GND NC NC T f NC Vcc Q 



^ |2j 111 |4j 



LlJ|2jl3|l4jl5j|6jl7]L8j 

C: 



S. G 



5on< 



Ci=C2=1000pF 
C3=0. 1//F 



OUTPUT 



-o Vc 




0 200 400 600 800 1000 1200 1400 1600 
INPUT FREQUENCY f,N (MHz) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54472L 

1/64 HIGH SPEED DIVIDER WITH ECL OUTPUT 



DESCRIPTION 

The M54472L is a semiconductor integrated circuit consist- 
ing of an high-speed 1/64 divider using emitter-coupled 
logic. 

FEATURES 

• High-speed operation (fmax=l- IGHz) 

• Operates at low input amplitude (150mVp.p min) 

• ECL level output 

APPLICATION 

Prescalers for PLL synthesized TV tuners, and general use 
in industrial and consumer digital equipment. 

FUNCTION 

The M54472L consists of a divider using emitter-coupled 
logic. When a frequency from 80 through 1, lOOMHz is ap- 
plied to the input pin T, the 1/64 divided frequency is 
obtained. 

The output Q is ECL level. 



PIN CONFIGURATION (TOP VIEW) 


GND \T 






NC 






NC LL 






INPUT T-^[r 


M54- 




REFERENCE INPUT f (ref) [E 


VJ 

N> 
f- 




NC [£ 






SUPPLY VOLTAGE Vqc [T 






OUTPUT Q [T 






Outline 


8P5 




NC : No connection 



BLOCK DIAGRAM 



INPUT T (A) 
REFERENCE INPUT Tcref)© 




1/2 




1/2 


1/4 




1/4 


DIVIDER 




DIVIDER 


DIVIDER 




DIVIDER 



/ECL\ 
V-ECL/ 



8) To OUTPUT 
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M54472L 



1/64 HIGH SPEED DIVIDER WITH ECL OUTPUT 



ABSOLUTE MAXIMUM RATINGS (Ta=-10~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 






V 


V, 


Input voltage 




Vcc 


V 


Pd 


Power dissipation 


Ta =25°C 


1.33 


w 


Topr 


Operating temperature 




-10 — 1-75 


"C 


Tstg 


Storage temperature 




-55 — 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=-io~+75t) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5 


5.5 


V 


fiN 


Input frequency 




80 




1100 


MHz 


V,N 


Input amplitude 


Vcc=5V, fiN=80~1 100MHz, Ta=25°C 


150 




1000 


mVp-p 



ELECTRICAL CHARACTERISTICS (Ta=-10~+75C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Ice 


Supply current 


Vcc=5V 


40 


47 


60 


mA 


V,N 


Input amplitude 


Vcc=5V. Ta=25°C 
fiN=80MHz~n00MHz 






150 


mVp_p 


Vo 


Output amplitude 


Vcc=5V 


0.6 






Vp-p 



fmax TEST CIRCUIT 



Oi 

^l- 



50| 



02 



C3 



T I 

ro 
r 

T (REF) 

GND 



"1 



Ci=C2— lOOOpF. Ca^O. VF 
Resistance : H 



OSCILLO- 
SCOPE 



TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS 
INPUT FREQUENCY 



> 

E 



300 



200 



100 









V 


'cc= 


=5V 




1=2 


5°C 








































































































\ 




















y 





0 200 400 600 800 1000 1200 
INPUT FREQUENCY f|N (MHz) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

IVi54473P/L 

1/256 HIGH SPEED DIVIDER WITH TTL OUTPUT 



DESCRIPTION 

The M54473P/L is a semiconductor integrated circuit con- 
sisting of an liigli-speed 1/256 divider using emitter- 
coupled logic. 

FEATURES 

• High-speed operation (fmax=l- 25GHz) 

• TTL level output 

APPLICATION 

Prescalers for PLL synthesized TV tuners, and general use 
in industrial and consumer digital equipment. 

FUNCTION 

The M54473P/L consists of a divider using emitter-coupled 
logic (ECL). When a frequency from 80 through l,250MHz 
is applied to the input pin T, the 1/256 divided frequency is 
obtained. 

The output Q is ECL level. 



PIN CONFIGURATION (TOP VIEW) 
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1/256 HIGH SPEED DIVIDER WITH TTL OUTPUT 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.3—7 


V 


V, 


Input voltage 


T, T (REF) 


0~Vcc 


V 


Pd 


Power dissipation 


Ta =25t 


1. 18 


w 


Topr 


Operating temperature 




-20 1-75 


°c 


Tstq 


Storage temperature 




-55—1-125 


r 



RECOMMENDED OPERATING CONDITIONS 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5.0 


5.5 


V 


V,N 


Input amplitude 


f=80~1 250MHz 


-4 




4 


dBm 


loL 


Low-level output current 




0 


1 


2 


mA 


ELECTRICAL CHARACTERISTICS (Vcc=5±10%.Ta=-20~-H75°C. unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Ice 


Supply current 


Vcc=5. 5V 


30 


40 


60 


mA 


V|N1 


Input sensitivity 1 


fiN=80~1100MHz 


-16 




4 


dBm 


V,N2 


Input sensitivity 2 


f,N=1 100-1 250MHz 


-4 




4 


dBm 


Vo 


Output amplitude 


Vcc— 5. OV, test circuit below 


1.35 






Vpp 



Typical values are at Vcc=5. OV, Ta=25°C 



TYPICAL CHARACTERISTICS 



^yp[r NC GND J}- 

^^c^I ^ nc jy^ 

T - 1-^ - 



, _ ^ 470 FREQUENCY 

^ ^^C^ ''" ° HHVWY ^CQU NTER 

o r Vcc NC 31-4l°1100pF 

±0M7±i000 l ^ 

Ci^C2=1000pF 

Note 1 * Normally NC pins should be grounded 

2 The probe capacitance and resistance for output measurement must have 
the characterisitcis of Gin <10pF, Bin > 1 Mfl 

TEST CIRCUIT 



M54473L 
GNDNC NC T f NC Vcc Q 



MllJlaJMMleJMM 
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5on< 



330 470 



TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS INPUT FREQUENCY 
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1/64,1/65,1/128.1/129 2-MODULUS HIGH SPEED DIVIDER WITH ECL OUTPUT 



DESCRIPTION 

The M54475P is a semiconductor integrated circuit consist- 
ing of an extremely liigh-speed 1/64, 1/65, 1/128, 1/129 2- 
modulus divider using emitter-coupled logic (ECL). 

FEATURES 

• Extremely high-speed operation (fmax=1- OGHz) 

• Low power dissipation current (40mA at Vcc=5V) 

• ECL level output 

APPLICATIOIsf 

Prescalers for PLL synthesizers in mobile radio telephones, 
transceivers, and MCA equipment. 

FUNCTION 

The M54475P consists of a divider using emitter-coupled 
logic (ECL). A frequency up to l.OGHz can be applied to 
the input pin IN. When divider select input (64/128) and 
the modulus control input MOD are high, 1/64 division is 
provided at the output ; when MOD is low, 1/65 division is 
provided. When the divider select input (64/128) is low, 
and MOD is high, 1/128 division is provided ; when MOD is 
low, 1/129 division is provided. 



PIN CONFIGURATION (TOP VIEW) 
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INPUT 
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u- 
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Outline 8P4 












NC I No connection 



TRUTH TABLE 



64/128 


MOD 


DIVIDER 
SELECT 


H 


H 


1/64 


H 


L 


1/65 


L 


H 


1/128 


L 


L 


1/129 



Note 1 . 64/128 inputs 

High-level. Vcc 
Low-level ) Open 
MOD inputs 

High-level: 2. OV~Vcc 
Low-level : 0~0. 8V 



BLOCK DIAGRAM 



-5^ 



INPUT REFERENCE BIAS, 
Vref 
INPUT IN(^ 



T 0 



TcO 



D 0 
T 1 



D 0 
T 1 



D 0 
T 1 



D 0 
T 1 



D 0 
T*1 



I 

(5)0UT OUTPUT 




6}— (7) 



64/128 MOD 

DIVIDER SEl^ECT INPUT MODULUS CONTROL INPUT 



* : When this is high, the clock input signal is output without being divided 
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1/64,1/65,1/128,1/129 2-MODULUS HIGH SPEED DIVIDER WITH ECL OUTPUT 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Remark 


Min 


Max 


Vcc 


Supply voltage 




-0.5 


7.0 


V 




V, 


Input voltage 




-0.5 


Vcc 


V 




'o 


Output current 






-10 


nnA 




Pd 


Power dissipation 


Ta =75°C 




400 


mW 


Power dissipation 
of package 


Topr 


Operating temperature 




-20 


H-75 


"C 




Tstg 


Storage temperature 




-55 


+125 







RECOMMENDED OPERATING CONDITIONS (Vcc = 4.5~5.5V. Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Remark 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5 


5.5 


V 




Fin 


Input frequency 


ViN =400mVp-p 


100 




1000 


MHz 


Sine wave 


V,N 


Input amplitude 




0.4 




1.2 


Vp-p 




lo 


Output current 








-5 


mA 




Cl 


Output load capacitance 








15 


PF 





ELECTRICAL CHARACTERISTICS (Ta=-20~+75r, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


V,H 


High-level input voltage 


MOD 7 


Vcc =4. 5~5. 5V 


2 




Vcc 


V 


V,L 


Low-level input voltage 


MOD 7 


Vcc =4. 5~5. 5V 


0 




0.8 


V 


llH 


High-level input current 


MOD 7 


Vcc = V,N =5.5V 






30 


UA 


IlL 


Low-level input current 


MOD 7 


Vcc=5.5V, ViN = OV 


-20 






/uA 


Vo 


Output amplitude 


OUT 5 


Vcc =4. 5-5. 5V 


0.9 


1.2 




V 


'cc 


Supply current 




Vcc =5.5V 




40 


60 


mA 


AC CHARACTERISTICS (Vcc = 5 V, Ta =25''C, unless otherwise noted) 






Symbol 


^ Parameter 




Limits 




Test pin 


1 cai uuiiuiiiuiia 


Min 


Typ 


Max 


Unit 


ViN 


Input sensitivity 


IN 2 


Fin =100~1000MHz 


0.4 




1.2 


Vp-p 


ts 


Set up time 


MOD 7 


Fin = 1000MHz 






20 


ns 
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1/64,1/65,1/128,1/129 2-MODULUS HIGH SPEED DIVIDER WITH ECL OUTPUT 



TEST CIRCUIT 



+ 5VO- 
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♦ The capacitance Includes the probe input capacitance. 



TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS 
INPUT FREQUENCY 
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M54477P/L 

t/128, 1/136 2-MODULUS HIGH SPEED DIVIDER WITH ECL OUTPUT 



DESCRIPTION 

The M54477P/L is a semiconductor integrated circuit con- 
sisting of a 1/128, 1/136 2-modulus divider using emitter- 
coupled logic (ECL). 

FEATURES 

• High-speed operation (fmax=l- OGHz) 

• Operates at low input amplitudes (— 20dBm min) 

• ECL level output 

APPLICATION 

Prescalers for PLL synthesized TV tuners, and general use 
in consumer and industrial digital equipment. 

FUNCTION 

The M54477P/L, 1/128 or 1/136 prescaler, consists of high 
speed frequency divider with using an ECL circuit con- 
figuration. When the clocks are applied the pulse swallow 
control input terminal M, the dividing ratio is 1/136, and 
when M is stable ("H" or "L"), it is 1/128. It operates in the 
frequency range 80MHz~1000MHz. 
The output is ECL level (1. 30Vp.p typ). 



PIN CONFIGURATION (TOP VIEW) 
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Outline 


8P5 


NC : 


No connection 



BLOCK DIAGRAM 



SWALLOW 
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Vcc SUPPLY VOLTAGE 

-o 



j AMP^ 



REFERENCE 
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1/8 DIVIDER 



1/16, 1/17 DIVIDER 



ECL OUTPUT 
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1/128, 1/136 2-MODULUS HIGH SPEED DIVIDER WITH ECL OUTPUT 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 3—7 


V 


V, 


Input voltage 


T, T (REF) 


0-Vcc 


V 


Pd 


Power dissipation 


Ta =25°C 


1.15 


w 


Topr 


Operating temperature 




-20 1-75 


"C 


Tstg 


Storage temperature 




-55 hi 25 





RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Condition 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5.0 


5.5 


V 


V,N 


Input amplitude 


fiN==80~ 1000MHz 


-20 




4 


dBm 


ELECTRICAL CHARACTERISTICS (Vcc=5.0V±10%,Ta=-20~-|-75°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'cc 


Supply current 


Vcc=5. 5V. Ta=25°C 




33 


50 


mA 




Input sensitivity 


fiN=80~1000MHz 


-20 




4 


dBnn 


Vo 


Output amplitude 


f,N=80~1000MHz, Vcc=4.5V 


0.9 


1.3 


1.7 


Vp-p 


V.H 




High-level input voltage 


M terminal 


♦ Note 


0. 7Vcc 






V 


V,L 




Low-level input voltage 


M terminal 


♦ Note 






0. 3Vcc 


V 


l|H 


When the dividing 
ratio is 1/136 


High-level input current 


M terminal 

Vcc=5. OV, V,H=3. 5V 


♦ Note 






50 


luk 


l|L 




High-level input current 


M terminal 

Vcc=5. OV, ViL=1.5V 


♦ Note 






-150 





The typical values are at Vcc=5. OV, Ta=25°C. 



^ Note : Input conditions of pulse swallow control input terminal M 



Dividing ratio 


Input conditions 


Descnption 


1/136 












When the clocks are applied to M terminal as shown in the left fi- 
gure, the dividing ratio changes from 1/128 to 1/136 


0. 7Vcc 
(V,h) 

0. 5Vcc 
(Vref) 

0. 3Vcc 
(V,l) 










1/128 


ViL=OV, V|H=VCC or ViH=OPEN 


M terminal is stable at GND or Vcc. or opened 



A MITSUBISHI 
ELECTRIC 



2-81 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54477P/L 



i/128, 1/136 2.M0DULUS HIGH SPEED DIVIDER WITH ECL OUTPUT 



TEST CIRCUIT 
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50 n 
C3: 
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NC 
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NC 


GND 
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-o PSC INPUT 



X 
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pi 



OUTPUT 



Ci=:C2=1000pF, C3^0.}uF 



TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS INPUT FREQUENCY 
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Voo=5.0 (V 
Ta^25 CO 
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1/128,1/136 2-MODULUS HIGH SPEED DIVIDER WITH ECL OUTPUT 



DESCRIPTION 

The M54477AP is a semiconductor integrated circuit con- 
sisting of a 1/128, 1/136 2-modulus divider using emitter- 
coupled logic. 

FEATURES 

• High-speed operation (fmax=l- OGHz) 

• Operates at low input amplitude (— 20dBm min) 

• ECL level output 

APPLICATION 

Prescalers for PLL synthesized TV tuners, and for general 
use in consumer and industrial digital equipment. 

FUNCTION 

The M54477AP, 1/128 or 1/136 prescaler, consists of high 
speed frequency divider with using an ECL circuit conflgra- 
tion. When the clocks are applied the pulse swallow control 
input terminal M, the diving ratio is 1/136, and when M is 
stable ("H" or "L"), it is 1/128. It operates in the frequency 
range 80MHz~1000MHz. 
The output is ECL level (1. 30Vpp). 



PIN CONFIGURATION (TOP VIEW) 



SUPPLY VOLTAGE Vcc |T 

INPUT T [T 

NC [T 

GND 1^ 



2 



> 
■0 



m REFERENCE 
T(REF) INPUT 



3 
U 

T] Q 



SWALLOW 
M (PSC) SELECTOR 
INPUT 

NC 



Outline 8P4 



NC : No connection 



BLOCK DIAGRAM 



SWALLOW 
SELECTOR M (psc) 
INPUT 



Vcc SUPPLY VOLTAGE 

-KD 



^4>— r\__i 

I AMP> 



REFERENCE f(,,,)C8 
INPUT 




1/8 DIVIDER 



1/16, 1/17 DIVIDER 



ECL OUTPUT 



-<i) <£> 

GND Q 



OUTPUT 
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IVI54477AP 



1/128,1/136 2-MODULUS HIGH SPEED DIVIDER WITH ECL OUTPUT 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 3—7 


V 


V, 


Input voltage 


T, t(REF) input 


0-Vcc 


V 


Pd 


Power dissipation 


Ta =25°C 


1.15 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C unless otherwise noted) 



Symbol 






Conditions 


Limits 


Unit 


Parameter 


IVlin 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5.0 


5.5 


V 


V,N 


Input amplitude 


fiN=80~1000MHz 


-20 




4 


dBm 


ELECTRICAL CHARACTERISTICS (Vcc=5.0V±10%, Ta=-20~+75°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Ice 


Supply current 


Vcc=5.5V, Ta=25°C 




33 


50 


mA 


V,N 


Input sensitivity 


fiN=80~ 1000MHz 


—20 




4 


dBnn 


Vo 


Output amplitude 


fiN=80~1000MHz, Vcc=4. 5V 


0.9 


1.3 


1.7 


Vp.p 


V,H 




High-level input voltage 


M terminal 


♦ Note 


0. 7Vcc 






V 


V,L 




Low-level input voltage 


M terminal 


♦ Note 






0. 3Vcc 


V 


'iH 


When the dividing 
ratio is 1/136 


High-level input current 


M terminal 

Vcc=5. OV, ViH=3. 5V 


♦ Note 






50 


lu^ 


l|L 




High-level input current 


M terminal 

Vcc=5. OV, ViL=1.5V 


♦ Note 






-150 


uA 



The typical values are at Vcc=5. OV, Ta=25°C. 



* Note : Input conditions of pulse swallow control input terminal M 



Divider select 


Input conditions 


Description 


1/136 


0. 7Vcc 

(Vih) 

0.5Vcc 
(Vref) 

0. BVcc 
(V,l) 










When the clocks are applied to M terminal as shown in the left fi- 
gure, the dividing ratio changes from 1/128 to 1/136 


1/128 


ViL=OV, V,H=VCC or V|H=OPEN 


M terminal is stable at GND, or Vcc> or opened. 
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1/128,1/136 2-MODULUS HIGH SPEED DIVIDER WITH ECL OUTPUT 



TEST CIRCUIT 




Vcc 




T (REF) 




T 


M544 


M (psc) 


3- 


NC 


77AP 


NC 


11 


GND 




Q 


IF- 



CiC=:C2=1000pF, C3— 0. 1//F 



■OPSC INPUT 



-O OUTPUT 



TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS INPUT FREQUENCY 




0 200 400 600 800 1000 1200 1400 1600 

INPUT FREQUENCY f,N (MHz) 
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IVIS4478P 



1/256 HIGH SPEED DIVIDER WITH ECL OUTPUT 



DESCRIPTION 

The M54478P is a semiconductor integrated circuit consist- 
ing of an liigli-speed 1/256 divider using emitter-coupled 
logic. 

FEATURES 

• High-speed operation (fmax=l- OGHz) 

• Operates at low input amplitude (— 20dBm min) 

• ECL level output 

• Low power dissipation (Ice 30mA typ) 
APPLICATION 

Prescalers for PLL synthesized TV tuners, and general use 
in industrial and consumer digital equipment 



PIN CONFIGURATION (TOP VIEW) 



NC 

INPUT T 

REFERENCE f(R„) 
INPUT '"^"^^ 



, c» 
GND [T "° 



I] 
I] 

H 
D 



Outline 8P4 



Vcc SUPPLY VOLTAGE 
Q OUTPUT 
Q OUTPUT 
NC 

NC : No connection 



FUNCTIONAL DESCRIPTION 

The M54478P consists of a divider using emitter-coupled 
logic (ECL). When a frequency from 80 through l,OOOMHz 
is applied to the input pin T, the 1/256 divided frequency is 
obtained. 

The outputs Q, Q are ECL level. 



BLOCK DIAGRAM 
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1/256 HIGH SPEED DIVIDER WITH ECL OUTPUT 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75r. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 3—7. 0 


V 


Vi 


Input voltage 


T, T(REF) Input 


0-Vcc 


V 


Pd 


Power dissipation 


Ta =25*'C 


400 


mW 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55~+125 





RECOMMENDED OPERATING CONDITIONS (Ta=-2o~+75C) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5.0 


5.5 


V 




Input amplitude 


fiN=80~ 1000MHz 


-20 




4 


dBm 


ELECTRICAL CHARACTERISTICS (Vcc=5.0V±10%,Ta=-20~+75°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Ice 


Supply current 


Vcc=5.5V 




30 


42 


mA 


V,N 


Input sensitivity 


f=80~1000MHz 


-20 




4 


dBnn 


Vo 


Output amplitude 


Vcc=4. 5V 


0.7 


1.2 


1.5 


Vp.p 


VoH 


High-level output level 


Vcc=5. OV 




4.3 




V 


Vol 


Low-level output level 


Vcc=5. OV 




3.1 




V 



Typical values are at Vcc=5. OV, Ta=25°C. 
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IVi54479P 

1/64 HIGH SPEED DIVIDER 



DESCRIPTIQN 

The M54479P is a semiconductor integrated circuit consist- 
ing of an extremely high-speed 1/64 divider using emitter- 
coupled logic. 

FEATURES 

• Extremely high-speed operation (fmax=1- 9GHz) 

• Low power dissipation current (lcc==35mA) 

• 10-pin mini-flat pacl<age 

APPLICATION 

TV and CATV tuners 

FUNCTION 

The M54479P consists of an extremely high-speed divider 
using emitter-coupled logic for applications in TV and 
CATV equipment. The maximum speed of the divider is 
1.9GHz, and division ratio is fixed to 1/64. The output is 
emitter-coupled logic (ECL) level. 



PIN CONFIGURATION (TOP VIEW) 


GND |T 


O 


To] Vcc SUPPLY VOLTAGE 


REFERENCE INPUT T ^ 




]I]-^fout OUTPUT 


GND [T 




T| GND 


INPUT T Q! 


(0 


3"*^ OUTPUT 


GND [£ 




T] GND 


Outline 10P2-C 






NC : No connection 



BLOCK DIAGRAM 



r" 
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1/2 



1/2 



1/2 — 
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fout 



GND 
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PIN DESCRIPTION 



Symbol 


Pin name 


Functional description 


Pin number 


Vcc 


Supply voltage 


Supply voltage pin 5. 0±0. 5V is applied 


10 


GND 


GND 


Connect to OV. 


1, 3, 5, 6, 8 


T 


Prescaler input 


Prescaler input pin 


4 


f 


Reference input 


Connect a capacitance of lOOOpF between the wire and GND line. 


2 


^out 


Division output 


Division output is ECL level 


9 


foul 


Inverted division output 


Inverted division output 


7 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+65r, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




6.5 


V 


VI 


Input voltage 


T, T 


6.5 


V 


Pd 


Power dissipation 




300 


nnW 


Topr 


Operating temperature 




—20—65 


°C 


Tstg 


Storage temperature 




-40—125 





RECOMMENDED OPERATING CONDITIONS (Ta=-20~+65C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5.0 


5.5 


V 


fopr 


Operating frequency 


fiN input 


0.7 




1.9 


GHz 


ELECTRICAL CHARACTERISTICS (Ta=-20~65r, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'cc 


Supply current 


Vcc=5. 5V 




35 


50 


nnA 


Vo 


Output amplitude 


Vcc=4.5V, f|N=1.0GHz 
Ta=25°C 


350 




700 


nnVp.p 


V,N 


Input sensitivity 


fiN=0.7~1.9GHz 


-8 




+3 


dBm* 



* : dBnn (50n) 

Typical values are at Vcc=5. OV, T=25°C. 
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1/64 HIGH SPEED DIVIDER 



TEST CIRCUIT 




TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS INPUT FREQUENCY 





Vcc=5. OV 
Ta=25°C 






















^ \. 




































1 L__J 1 











I l_l I I I I 1 — 1 l_J — I— I 1 1 — I 1 1 — 1 — I 1 — I 1 1 — I 

0 500 1000 1500 2000 2500 



INPUT FREQUENCY f,N (MHz) 
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PIN CONFIGURATION (TOP VIEW) 



R1 



RO- 
G1 - 
GO- 
BI - 



BO-*E 



M1 - 



MODE 

INPUTS s _, 

Imo-^E 

BLANKING „, ^ 
INPUT BLK 



*B OUTPUTS! 



BOO — 



|B01 < 
GND 




* R OUTPUTS 



*G OUTPUTS 



* B OUTPUTS 



Outline 24P4 



* : Open collector 



DESCRIPTION 

The M54480P is a semiconductor integrated circuit consist- 
ing Of an ECL-gate RGB decoder capable of 8 16-, and 
64-color display. 

FEATURES 

• Three color display modes (8,16 and 64 colors) 

• Pixel rate over 30MHz is suitable for high-resolution dis- 
play applications. 

• Output skew : less than 5 ns 

• Built-in blanking function 

• Output drive current>30mA 

APPLICATION 

Color displays and monitors for use with personal compu- 
ters 

FUNCTION 

THe M54480P is an RGB decoder for personal computer 
displays with three 8 -, 16- and 64-color modes. Setting M 
1 high and M 0 low selects the 8 -color mode; setting M 1 
and M 0 both low selects the 16-color mode; setting M 1 
and M 0 both high or M 1 low and M 0 high selects the 64- 



color mode. 

Blanking is enable by setting blanking pin BLK low. The 
maximum pixel rate is 30MHz. The outputs are open- 
collectors. 



BLOCK DIAGRAM 



(24 



R OUTPUTS 



G OUTPUTS 



B OUTPUTS 



R03 R02 R01 ROO G03 G02 G01 GOO B03 B02 B01 BOO 

-(S>— <2) — @-— (|) — ^'"^ — — — 



OUTPUT 

ciRCun 



OUTPUT 
CIRCUIT 



OUTPUT 
CIRCUIT 



OUTPUT 
CIRCUIT 



OUTPUT 
CIRCUIT 



OUTPUT 
CIRCUIT 



OUTPUT 
CIRCUIT 



OUTPUT 
CIRCUIT 



OUTPUT 
CIRCUIT 



OUTPUT 



OUTPUT 



CIRCUIT CIRCUIT 



OUTPUT 
CIRCUIT 



ECL LOGIC 



CIRCUIT 



R INPUTS 




INPUT 
CIRCUIT 



INPUT 
CIRCUIT 



INPUT 
CIRCUIT 



CIRCUIT 



INPUT 
CIRCUIT 



4>-<5^-<6>-<7^-(b)— (i> 



B1 BO Ml MO BLK 
B INPUTS MODE^NPUTS BLANKING INPUT 



(19) GND 



02) GND 



..J 
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OPERATING TIMING CHART 




J L 




jviJvinjirinjTjmrLnji^^ 



ruiniL-r 



ruuiJLjyiJW 

fuuuLj L__JUinnjmfinrLJUirw^ 



BLK 

M1 

MO 

R1 

RO 

G1 

GO 

B1 

BO 

R03 

R02 

R01 

ROO 

G03 

G02 

G01 

GOO 

B03 

B02 

B01 

BOO 



8 COLORS 



16 COLORS 



64 COLORS 



BLK 

Ml 

MO 

R1 

RO 

G1 

GO 

B1 

BO 

R03 

R02 

R01 

ROO 

G03 

G02 

G01 

GOO 

B03 

B02 

B01 

BOO 




JirinjinjwinjiJLnji^^ 




jimiruiJinjinnjmfin^ 
jirmJwiJuirLannji^^ 



64 COLORS 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20~+65C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




6.5 


V 


V, 


Input voltage 




6.5 


V 


Vo 


Output voltage 


Vo^Vcc 


6.5 


V 


Pd 


Power dissipation 


Vcc==6.5V, Ta=25°C 


1.3 


w 


Topr 


Operating temperature 




-20 — h65 


r 


Tstg 


Storage temperature 




-40 — 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=-20~+65°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4. 75 


5.0 


5. 25 


V 


loL 


Low-level output current 




0 




30 


mA 


P. R 


Pixel Rate 




0 




30 


MHz 


ELECTRICAL CHARACTERISTICS (Ta=-20~+65°C, unless otherwise noted) 


Symbol 


Parameter 




Test Conditions 


Limits 


Unit 


Test pin 


MIn 


Typ 


Max 


V,H 


High-level Input voltage 


1-6 




2.0 




Vcc+0.3 


V 


7-9 




2.5 




V,u 


Low-level input voltage 


1-6 








0.7 


V 


7-9 








0.7 


llH 


High-level input current 


1-6 


Vcc=5. 25V, V|H=2. OV 






+30 


//A 


7-9 


Vcc=5. 25V, V|H=2. OV 


-20 




+20 


l|L 


Low-level input current 


1-6 


Vcc=5. 25V, V|H=0. 7V 


-20 




+20 


/.A 


7-9 


Vcc==5. 25V, V,H=0. 7V 


-300 


-200 




Vol 


Low-level output voltage 


10, 11 
13-18 
20-23 


Vcc=5. 25V, loL=30mA 




0.4 


0.6 


V 


'OLK 


Output leakage current 


10, n 
13-18 
20-23 


Vcc=5. 25V, Vo=5. 25V 






25 


//A 


'col 


Low-level supply current 


24 


Vcc=5. 25V, all outputs ON 




145 


180 


mA 


'CCH 


High-level supply current 


24 


Vcc=5. 25V, all outputs OFF 




116 


150 


mA 


Typical values are at Vcc=5. OV, Ta=25°C. 

SWITCHING CHARACTERISTICS (Vcc=5.0v, Ta=25C, unless otherwise noted) 


Symbol 


Parameter 


Test pin 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 




Low-to high-level output propagation time 


10, 11 
13-18 
20-23 


Cl=10. 8pF 
Ri=220fl 
R2=75n 
R3=680n 


20 


38 


50 


ns 


tpHL 


High-to low-level output propagation time 


10, 11 
13-18 
20-23 


20 


38 


50 


ns 


O. S 


OUTPUT SKEW 


10, 11 
13-18 
20-23 






5 


ns 


P. R 


Pixel Rate 


10, 11 
13-18 
20-23 


30 






MHz 


tr 


Rise time 


10, 11 
13-18 
20-23 






10 


ns 


tf 


Fall time 


10, 11 
13-18 
20-23 






10 


ns 
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TIMING CHART 



INPUT 



OUTPUT 1 



1.5V 



OUTPUT 2 



90% 



10% - 



tpLH 



-3V 



ov 



■tf 



^pd (OUTPUT SKEW) 



TEST CIRCUIT 



■VoH 

VoH+VoL 



VoH 

VoH+VoL 



Vcc 







24 






1 




23 




2 




22 








21 




3 




20 




4 




18 








17 




5 




16 




6 




15 




7 




14 








13 




8 




11 




9 




10 






12 19 



R1 



:R2 



R3l 



OUT 



I 



APPLICATION EXAMPLE 



Vcc5V 




B OUTPUT 



) 



R1 RO G1 GO B1 BO M1 MO BLK BOO B01 GND 
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DESCRIPTION 

The M54502P is a semiconductor integrated circuit contain- 
ing two TTL AND gates and two high current, high break- 
down voltage transistors. 

FEATURES 

• High driving current (io( max) = 600mA) 

• High breakdown voltage output (Vo(max)=30V) 

• AND gate and transistor are separated. 

• Strobe input provided 

APPLICATION 

General purpose, for use in industrial and consumer digital 
equipment. Suitable for driving magnetic relays and lamps. 

FUNCTION 

The M54502P consists of two driver circuits, each having a 
two input AND gate and a high current, high breakdown 
voltage transistor. The AND gates and transistors are inde- 
pendent of each other and therefore possible to use as in- 
dividual circuits. If AND gate output Y is externally con- 
nected to base B of the transistor, the unit can be used to 
drive a magnetic relay or lamp directly. Besides this, the 
unit can be used as a translater either from TTL to MOS, or 
from MOS to TTL. With all these features an extremely 
wide range of usage is ensured. 

The AND gate can be directly connected to either TTL or 
DTL. 

FUNCTION TABLE <AND Gate) 



A 


G 


Y 


H 


H 


H 


H 


L 


L 


L 


H 


L 


L 


L 


L 



PIN CONFIGURATION (TOP VIEW) 


STROBE INPUT 






u\ 


Vcc 


INPUT 


Ai-|T 




n\ 


Ag INPUT 


OUTPUT 






n\ 


Yz OUTPUT 


BASE 


Bi |T 


2 
S 


D 


Ba BASE 


COLLECTOR 


Ci [T 


N> 
"0 


iH 


Cz COLLECTOR 


EMITTER 


Ei [7 




3 


Ez EMITTER 




GND [7 




3 


SUB SUB PIN 


ALWAYS ENSURE THAT SUB PIN IS CONNECTED 
TO THE LOWEST VOLTAGE POINT 
(EQUAL TO OR LOWER THAN GND) 




Outline 14P4 





CIRCUIT SCHEMATIC (EACH DRIVER) 




>GND 



INPUT TO THE OTHER AND GATE 



ABSOLUTE MAXIMUM RATINGS (Ta = 0~75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V, 


Input voltage 




5.5 


V 


Vo 


Output voltage (output state High) (Note 1 ) 




Vcc 


V 


Vo 


Output voltage (output state High) (Note 2) 




30 


V 


lo 


Output current (output state Low) (Note 2) 




600 


mA 


VvS; 


Vcc to substrate voltage 




70 


V 


Vcs 


Collector to substrate voltage 




70 


V 


VcBO 


Collector to base voltage 




70 


V 


VcER 


Collector to emitter voltage (Rbe = 500n ) 




65 


V 


Vebo 


Emitter to base voltage 




5 


V 


'c 


Collector current 




600 


mA 


Pd 


Power dissipation 


Ta = 25°C 


1.19 


W 


Topr 


Operating temperature 




0—75 


°C 


Tstg 


Storage temperature 




-65~+150 





Note 1 : When gate only is in use. 

2 : When gate output is connected to the base of an output transistor. 
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RECOMMENDED OPERATING CONDITIONS (Ta = 0-75 C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


MIn 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


VcEO 


Collector to emitter voltage 






24 


V 


'c 


Collector current 






300 


mA 



ELECTRICAL CHARACTERISTICS (Ta = 0~75t;, unless otherwise noted) 

<TTL Gate) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V,H 


High-level input voltage 




2 






V 


V.L 


Low-level input voltage 








0.8 


V 


VoH 


High-level output voltage 


Vcc = 4. 5V, V| = 2V. loH = -400 /^A 


2.4 






V 


Vol 


Low-level output voltage 


Vcc = 4. 5V. V| = 0. 8V, loL = 16mA 






0.4 


V 


l|H 


High-level input current (A) 


Vcc = 5. 5V 


V, = 2. 4V 






40 




V, = 4. 5V 






60 


'iH 


High-level input current (G) 


Vcc = 5. 5V 


V| = 2.4V 






80 


//A 


V| = 4.5V 






120 


l|L 


Low-level input current (A) 


Vcc = 5. 5V, V| = 0. 4V 






-1.6 


mA 


IlL 


Low-level input current (G) 


Vcc = 5. 5V, V| = 0. 4V 






-3.2 


mA 


'os 


Output short-circuit current 


Vcc = 5. 5V, Vo = 4. 5V 


-18 




—55 


mA 


'CCH 


High-level supply current 


Vcc = 5. 5V, V| = 4. 5V 






11 


mA 


'CCL 


Low-level supply current 


Vcc = 5. 5V, V| = OV 






20 


mA 


<Characterlstics when TTL Gate and output transistor are connected) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V,H 


High-level input voltage 




2 






V 


V,L 


Low-level input voltage 








0.8 


V 


'oh 


High-level output current 


Vcc = 4. 5V, V| = 0. 8V, Vo = 30V 






100 




Vol 


Low- level output voltage 


Vcc = 4. 5V, V| = 2V, loL = 100mA 






0.4 


V 


Vol 


Low-level output voltage 


Vcc = 4. 5V, V| = 2V, loL = 300mA 






0.7 


V 


'cCL 


Low-level supply current 


Vcc = 5. 5V, V| = 5V 






95 


mA 


<Output transistor) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V(BR)CBO 


Collector to base breakdown voltage 


lc= 100// A, Ie = 0mA 


70 






V 


V(br)CER 


Collector to emitter breakdown voltage 


lc = 100/iA, RBE = 500a 


65 






V 


V(BR)EBO 


Emitter to base breakdown voltage 


Ie= lOO^A, lc = OmA 


5 






V 




Direct current amplification factor 
(Note 3 ) 


VcE = 3V, Ic = 100mA, Tg = 25°C 


25 








VcE = 3V, Ic = 300mA, Tg = 25°C 


30 






VcE = 3V, Ic = 1 00mA, Tg = 0°C 


20 






VcE = 3V, Ic = 300mA, Tg = 0°C 


25 






Vbe 


Base to emitter voltage 


Ib= 10mA, lc = 100mA 






1 


V 


Ib = 30mA, Ic = 300mA 






1.2 


VoE(sat) 


Collector to emitter saturation voltage 


Ib= 10mA, lc = 100mA 






0.4 


V 


Ib = 30mA, Ic = 300mA 






0.7 



Note 3 : Measurement should be done in a short time. 
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PRECAUTIONS FOR USE 

(WHEN TTL GATE AND OUTPUT TRANSISTOR 

The permissible amount of collector current of the output 
transistor Iq varies according to the conditions. Calculate it 
as follows, using Fig. 1 "Heat Dissipation Rate 
Characteristics" , Fig. 2 "Pulse Power Chart" , and the fol- 
lowing formula^ 

Pd = -j^^ ^ ^ • 'ccL + N • Icch) + M • Io • Vol (1 ) 

Where Pd : Power dissipation 

IccL '■ Supply current when all outputs of output 

transistors are "Low". 
Icch : Supply current when all outputs of output 

transistors are "High". 
Vol : Output voltage when output is "Low". 
M : The number of output transistors whose 

state is "Low". 



ARE CONNECTED) 

N : The number of output transistors whose 

state is "High". 
M+N : The total number of gates included in 

one package. 

When trying to determine permissible amount of constant 
current, first, read the largest permissible power dissipation 
Pd for the given operating free-air ambient temperature 
range from Fig. 1. Then calculate Io by substituting into For- 
mula (1) the maximum values of Iccl. Icch and Vcc as well 
as values M and N. 

When calculating pulse current Io, use Fig. 2. First, deter- 
mine maximum permissible power dissipation Pd from the 
duty cycle and pulse width, then calculate using Formula 
(1). In this case, be careful that I© does not exceed the 
absolute maximum rating. 



TYPICAL CHARACTERISTICS 



Fig.1 "HEAT DISSIPATION 
RATE CHARACTERISTICS" 




0 20 25 40 60 75 80 100 
FREE-AIR AMBIENT TEMPERATURE TgCC) 



Fig.2 PULSE POWER CHART 
(CONTINUOUS PULSE) 



o 



S9 2.4 



D : DUTY CYCLE 

I I I I I I J . . 
— D = 80% (Ta == 75°C). 




D = 20% (Ta = 25°C ; 



LARGEST PERMISSIBLE 
POVVER I I I I I 



tpw- 

Ln—TLI 

INPUT PULSE WAVEFORM 



0 01 0,03 005 0.1 03 05 1 3 5 10 
PULSE WIDTH tpw(s) 
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SAFE RANGE OF OPERATION FOR THE OUTPUT TRANSISTOR 
(WHEN USED INDEPENDENTLY OF TTL GATE) 



Both Fig. 3 and Fig. 4 show the safe operating ranges of 
output transistors when they are separate from and inde- 
pendent of the gates. Fig. 4 gives characteristics when tpw 
= 20ms. When used for values other than 20ms determine 
the safe operating range using the method given below. 
Calculate Pc using Formula (2). (Pc being the total of col- 
lector dissipation of all "ON" transistors) 
Vcc 



Pc = Pd - 
Where Pd 

Iqcl 



(M-Iccl+N-Icch)- 



(2) 



M+N 

: Permissible power dissipation read from 

Fig. 1 and Fig. 2. 
: Supply current when gate output state is 

"Low". 

: Supply current when gate output state is 
"High". 



(NOTE: The values of Iqcl and Iqch will 
vary somewhat depending on the load 
connected to gate outputs.) 
After using Formula (2) to calculate Pc, enter it into the fol- 
lowing Formula (3) to find the safe operating range. 

Pc = VcE- Ic (3) 
However, the absolute maximum rating of Vce ^ 30V and Ic 
^ 600mA must be observed. 

Note that Figs 3 and 4 express power dissipation per pack- 
age. Therefore, one transistor may consume all the power 
indicated in Fig. 3 and Fig. 4 if the other transistor and the 
gates are not used. 




A MITSUBISHI 
ELECTRIC 



2-! 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54503P 

QUADRUPLE CURRENT DRIVER 



DESCRIPTION 

The M54503P is a semiconductor integrated circuit contain- 
ing four TTL NAND drivers with high current, high voltage 
outputs. 

FEATURES 

• High driving current (lc( max) = 200mA) 

• High breakdown voltage output (Vo(max)=30V) 

• Having 4 integrated circuits, it has an excellent space 
factor. 

APPLICATION 

General purpose, for use in industrial and consumer digital 
equipment. Suitable for driving magnetic relays and lamps. 

FUNCTION 

An integrated circuit consisting of 4 TTL driver NAND gate 
circuits. Having high current, high breakdown voltage out- 
put transistors, it can drive magnetic relays and lamps 
directly. Inputs can be directly connected to TTL or DTL. 



FUNCTION TABLE 



PIN CONFIGURATION (TOP VIEW) 



A,- 



E 

Bi-* U 

' OUTPUT Xi [T 

B2-^ [T 

X2^ [7 

GND \T 



OUTPUT 



TIT" 



2 

o 

CO 
■D 



INPUTS 



3 

Is] -A4 

73. 

T| *-B3 
T] -»>X3 OUTPUT 



► X4 OUTPUT 
-A3 

INPUTS 



Outline 14P4 



A 


B 


X 


H 


H 


L 


H 


L 


H 


L 


H 


H 


L 


L 


H 



CIRCUIT SCHEMATIC (EACH DRIVER) 



INPUTSS 




X OUTPUT 



-oQND 



ABSOLUTE MAXIMUM RATINGS (Ta = 0--75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V, 


Input voltage 




5.5 


V 


Vo 


Output voltage (output state High) 




30 


V 


lo 


Output current (output state Low) 




200 


mA 


Pd 


Power dissipation 


Ta = 25°C 


1.19 


W 


Topr 


Operating temperature 




0—75 


°C 


Tstg 


Storage temperature 




-65 — 1-150 





RECOMMENDED OPERATING CONDITIONS (Ta = 0~75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vo 


Output voltage (output state High) 






24 


V 


'o 


Output current (output state Low) 






100 


mA 
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ELECTRICAL CHARACTERISTICS da = 0-75 C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V,H 


High-level input voltage 




2 






V 




Low-level input voltage 








0.8 


V 


'oh 


High-level output current 


Vcc = 4. 5V, V| = 0. 8, Vo = 30V 






100 




Vol 


Low-level output voltage 


Vcc = 4. 5V, V, = 2V, loL = 100mA 






0.7 


V 


llH 


High-level input current 


Vcc = 5. 5V 


V| = 2. 4V 






40 


//A 


V| = 4. 5V 






■60- 


l|L 


Low-level input current 


Vcc = 5. 5V, V| = 0. 4V 






-1.6 


mA 


ICCH 


High-level supply current 


Vcc = 5. 5V, V| = OV 






50 


mA 


'CCL 


Low-level supply current 


Vcc = 5. 5V. V| = 5V 






120 


mA 



PRECAUTIONS FOR USE 

The permissible amount of output current I© (1 unit) varies 
according to the conditions. Calculate it as follows, using 
Fig. 1 "Heat Dissipation Rate Characteristics", Fig. 2 "Pulse 
Power Chart", and the following formula. 

Pd = ( M • IccL + N, • Icch) + M • Io • Vql (1 ) 

Where Pd : Power dissipation 

IccL ".Supply current when all outputs are 
"Low". 

•coH :Supply current when all outputs are 
"High". 

Vol : Output voltage when the output "Low". 
M : The number of gates whose outputs are 
"Low". 

N : The number of gates whose outputs are 
"High". 

M+N : The total number of gates included in 
one package. 



When trying to determine permissible amount of constant 
current, first, read the largest permissible power consump- 
tion Pd for the given operating free-air ambient tempera- 
ture range from Fig.1. Then calculate Iq by substituting into 
Formula (1) the maximum values of Iccl. Iqch and Vcc as 
well as values M and N. 

Use Fig.2 to calculate pulse current Io- First, determine 
maximum permissible power dissipation Pd from duty cycle 
and pulse width, then calculate using Formula (1). Be care- 
ful that Iq does not exceed absolute maximum rating. 



TYPICAL CHARACTERISTICS 



o 
5 



Q 

CC 
UJ 

O 



Fig.1 HEAT DISSIPATION 
RATE CHARACTERISTICS 




20 25 40 60 75 80 100 
FREE-AIR AMBIENT TEMPERATURE Ta(°C) 



O 



Fig.2 PULSE POWER CHART 
(CONTINUOUS PULSE) 



DUTY CYCLE 

II ' I I I 1 
D = 80% (Ta=75°C) 



.^-^ - -I - r T f - 

D = 50%(Ta=75C) 




including D = 20% (To = 25°C) 



LARGEST I I I 

PERMiSSiBLE POWER 



0.1 



-t-^50% 

WAVEFORM OF 
I INPgT PULgE 



0305 1 



3 5 10 



PULSE WIDTH tpw(s) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54504P 

DUAL NAND GATE WITH DRIVE TRANSISTOR 



DESCRIPTION 

The M54504P is a semiconductor integrated circuit contain- 
( ing two TTL NAND gates and twb high current, high breal<- 
down voltage transistors. 



FEATURES 

• High driving current (lo( max) = 600mA) 

• High breakdown voltage output (Vo(max)= 

• NAND gate and transistor are separated. 

• Strobe input provided 



=30V) 



APPLICATION 

General purpose, for use in industrial and consumer digital 
equipment. For driving magnetic relays and lamps. 

FUNCTION 

The M54504P consists of two driver circuits, each having a 
two input NAND gate and a high current, high breakdown 
voltage transistor. The NAND gates and transistors are in- 
dependent of each other and therefore possible to use as 
individual circuits. If NAND gate output Y is externally con- 
nected to base B of the transistor, the unit can be used to 
drive a magnetic relay or lamp directly. Besides this, the 
unit can be used as a translator either from TTL to MOS, or 
from MOS to TTL. With all these features an extremely 
wide range of usage is ensured. 

The NAND gate can be directly connected to either TTL or 
DTL. 

FUNCTION TABLE <NAND Gate) 



A 


G 


Y 


H 


H 


L 


H 


L 


H 


L 


H 


H 


L 


L 


H 



PIN CONFIGURATION (TOP VIEW) 



STROBE INPUT 


G 






E 


Vcc 




INPUT 


Ai 










INPUT 


OUTPUT 


Yi 






3 




OUTPUT 


BASE 


Bi 


E 


2 




B2 


BASE 






S 








COLLECTOR 


Ci 


E 






C2 


COLLECTOR 


EMITTER 


El 


E 






E2 


EMITTER 


GND 


E 




I] 


SUB 


SUB PIN 



ALWAYS ENSURE THAT SUB PIN IS CONNECTED TO 
THE LOWEST VOLTAGE POINT 
(EQUAL TO OR LOWER THAN GND) 

Outline 14P4 



CIRCUIT SCHEMATIC (EACH DRIVER) 



INPUT Ao- 
STROBE INPUT G o- 



n ii 




ABSOLUTE MAXIMUM RATINGS (Ta = 0~75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V, 


Input voltage 




5.5 


V 


Vo 


Output voltage (output state High) (Note 1 ) 




Vcc 


V 


Vo 


Output voltage (output state High) (Note 2) 




30 


V 


'o 


Output current (output state Low) (Note 2) 




600 


nnA 


Vvs 


Vcc to substrate voltage 




70 


V 


Vcs 


Collector to substrate voltage 




70 


V 


VcBO 


Collector to base voltage 




70 


V 


VcER 


Collector to emitter voltage (Rbe = 500(2 ) 




65 


V 


Vebo 


Emitter to base voltage 




5 


V 


Ic 


Collector current 




600 


mA 


Pd 


Power dissipation 


Ta = 25°C 


1. 19 


W 


Topr 


Operating temperature 




0—75 




Tstg 


Storage temperature 




-65 — 1-150 


"C 



Note 1 : When gate only is infuse. 

2 When gate output is connected to the base of an output transistor 
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M54504P 



DUAL NAND GATE WITH DRIVE TRANSISTOR 



RECOMMENDED OPERATING CONDITIONS da = 0~75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Fo 


Fan out 






10 




VcEO 


Collector to emitter voltage 






24 


V 


'c 


Collector current 






300 


mA 



ELECTRICAL CHARACTERISTICS (Ta = 0~75C, unless otherwise noted) 

<TTL Gate) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V,H 


High-level input voltage 




2 






V 




Low-level input voltage 








0.8 


V 


VoH 


High-level output voltage 


Vcc = 4. 5V, V| = 0. 8V, loH = -400 


2.4 






V 


Vol 


Low-level output voltage 


Vcc = 4. 5V, V| = 2V, loL = 16mA 






0.4 


V 




High-level input current (A) 


Vcc = 5- 5V 


V| = 2. 4V 






40 


//A 


llH 


V| = 4. 5V 






60 




High-level input current (G) 


Vcc = 5. 5V 


V| = 2. 4V 






80 




l|H 


V| = 4. 5V 






120 


IlL 


Low-level input current (A) 


Vcc = 5. 5V, V| = 0. 4V 






-1.6 


mA 


IlL 


Low-level input current (G) 


Vcc = 5. 5V, V| = 0. 4V 






-3.2 


mA 


los 


Output short circuit current 


Vcc = 5. 5V, V| = OV 


-18 




—55 


mA 


'CCH 


High-level supply current 


Vcc = 5. 5V. V| = OV 






4 


mA 


'ecu 


Low- level supply current 


Vcc = 5. 5V, V| = 4. 5V 






11 


mA 


<Characteristics when TTL Gate and output transistor are connected) 


Symbol 


Parameter 






Limits 


Unit 


1 esi conamons 


Mm 


Typ 


Max 


V,H 


High-level input voltage 




2 






V 


V,L 


Low-level input voltage 








0.8 


V 


'oh 


High-level output current 


Vcc = 4. 5V, V| = 2V, Vq = 30V 






100 




Vol 


Low-level output voltage 


Vcc = 4. 5V, V| = 0. 8V, loL = 100mA 






0.4 


V 


Vol 


Low-level output voltage 


Vcc = 4. 5V, V| = 0. 8V, lou = 300mA 






0.7 


V 


'CCL 


Low-level supply current 


Vcc = 5. 5V, V| = OV 






95 


mA 


<Output 


transistor) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V(BR)CBO 


Collector to base breakdown voltage 


lc= 100//A, Ie = 0mA 


70 






V 


V(BR)CER 


Collector to emitter breakdown voltage 


lc= 100// A, RBE = 500n 


65 






V 


V(BR)EBO 


Emitter to base breakdown voltage 


Ie= 100// a, lc = OmA 


5 






V 






VcE = 3V, Ic = lOOmA, Ta = 25°C 


25 










Direct current amplification factor 


VcE = 3V, Ic = 300mA, Tg = 25°C 


30 








(Note 3 ) 


VcE = 3V, Ic = 100mA, Tg = 0°C 


20 












VcE = 3V, Ic = 300mA, Tg = 0°C 


25 








Vbe 


Base to emitter voltagfe 


Ib= 10mA, lc = 100mA 






1 


V 


Ib = 30mA, Ic = 300mA 






1.2 




VcE(sat) 


Collector to emitter saturation voltage 


Ib= 10mA, lc = 100mA 






0.4 


V 


lB = 30mA, lc = 300mA 






0.7 





Note 3 Measurement should be done in a short time 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54504P 



DUAL NAND GATE WITH DRIVE TRANSISTOR 



PRECAUTIONS FOR USE 
(WHEN TTL GATE AND OUTPUT TRANSISTOR ARE CONNECTED) 

The permissible amount of collector current of the output 
transistor Iq varies according to the conditions. Calculate it 
as follows, using Fig. 1 "Heat Dissipation Rate 
Characteristics", Fig. 2 "Pulse Power Chart", and the fol- 
lowing formula. 



M+N 
Where Pd 

'CCL 
'COH 

Vol 
M 



(M-Iccl+N-Icch) + M-Io 



'•(1) 



Power dissipation 

Supply current when all outputs of output 

transistors are "Low". 

Supply current when all outputs of output 

transistors are "High". 

Output voltage when output is "Low". 

The number of output transistors whose 

state is "Low". 

The number of output transistors whose 
state is "High". 



M+N : The total number of gates included in 
one package. 

When trying to determine permissible amount of constant 
current, first, read the largest permissible power dissipation 
Pd for the given operating free-air ambient temperature 
range from Fig. 1. Then calculate Iq by substituting into For- 
mula (1 ) the maximum values of Iccl. Iqch and Vcc as well 
as values M and N. 

When calculating pulse current I©, use Fig. 2. First, deter- 
mine maximum permissible power dissipation Pd from the 
duty cycle and pulse width, then calculate using Formula 
(1). Be careful that Iq does not exceed the absolute max- 
imum rating. 



TYPICAL CHARACTERISTICS 



Fig.1 "HEAT DISSIPATION RATE 
CHARACTERISTICS" 

1.5 




20 25 40 60 75 80 100 
FREE-AIR AMBIENT TEMPERATURE Ta(°C) 



z 
O 



S2 
Q 



O 

Q. 



CO 



Fig.2 PULSE POWER CHART 
(CONTINUOUS PULSE) 



D : DUTY CYCLE 

•D = 8U(tL=75'C). 



Trrir;7Tn, 




URGEST PERMISSIBLE 
POWER I I II 



'^(Ta.= 25°C) iL^ 

>pvy_ ■ 



JTMTL 

INPUT PULSE WAVEFORM 



.01 



0.1 0.3 0.5 1 



3 5 10 



PULSE WIDTH tpw(s) 
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M54504P 



DUAL NAND GATE WITH DRIVE TRANSISTOR 



SAFE RANGE OF OPERATION FOR THE OUTPUT TRANSISTOR 
(WHEN USED INDEPENDENTLY OF TTL GATE) 



Both Fig. 3 and Fig. 4 show the safe operating ranges of 
output transistors when they are separate from and inde- 
pendent of the gates. Fig. 4 gives characteristics when tpw 
= 20ms. When used for values other than 20ms determine 
the safe operating range using the method given below. 
Calculate Pc using Formula (2). (Pc being the total of col- 
lector dissipation of all "ON" transistors) 
Vcc 



Pc = Pd - 
Where 

Pd 



(M-Iccl+N-Icch)- 



(2) 



M+N 

: Permissible power dissipation read from 

Fig. 1 or Fig. 2. 
: Supply current when ^ate output state is 

"Low". 

: Supply current when gate output state is 
"High". 



(NOTE: The values of Iqcl and Icch will 
vary somewhat depending on the load 
connected to"gate outputs.) 
After using Formula (2) to calculate Pc, enter it into the fol- 
lowing Formula (3) to find the safe operating range. 

Pc = VcE- Ic (3) 
However, the absolute maximum rating of Vce ^ 30V and Ic 
^ 600mA must be observed. 

Note that Figs 3 and 4 express power consumption per 
package. Therefore, one transistor may consume all the 
power indicated in Fig. 3 and Fig. 4 if the other transistor 
and the gates are not used. 



Fig.3 SAFE OPERATING RANGE OF 
OUTPUT TRANSISTOR 
(ONE SHOT PULSE) 

0.8 



O 



o 
I- 
o 



o 
o 




0 10 20 30 40 

COLLECTOR TO EMITTER VOLTAGE Vce(V) 



Fig.4 SAFE OPERATING RANGE OF 
OUTPUT TRANSISTOR 
(CONTINUOUS PULSE) 



0.8 



- 0.6 



O 
O 



o 
o 



0.4 



0.2 



■ 

Ta = 25t 
tpw = 20r 
D • DUTY 


ns 

CYCLE 


tpw 

jilr 

1 


L 

pw — 4ms 




tpw=1 

(ONESHO 


Oms 

r PULSE) 




(ONE SHOT 
PULSE) 




D = 20% 
/ /50% 
^ A 80% 




100%^ 









0 10 20 30 40 

COLLECTOR TO EMITTER VOLTAGE Vce(V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54512L 

4-UNIT SOmA TRANSISTOR ARRAY 



DESCRIPTION 

The M54512L, 4-channel sink driver, consists of four NPN 
transistors, and designed for use in medium-current switch- 
ing applications. 

FEATURES 

• Output sustaining voltage to 20V 

• 50mA output sink current capability 

• Wide operating temperature range (Ta =—20 — |-75°C) 

APPLICATION 

LED or incandescent display driver 

FUNCTION 

The M54512L is comprised of four NPN transistors with a 
lOkn series input resistor, connected to form dual 2-parallel 
output drivers. All emitters of transistors are connected 
together to pin 2. The substrate is connected to pin 5 and 
pin 5 must be tied to the most negative point in the external 
circuit. The drivers are capable of sinking 50mA and will 
withstand 20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 


OUTPUT 












E 


E 








OUTPUT 


C2-[T 








INPUT 


B2-IT 


ai 








SUB 


E 


01 
ro 






OUTPUT 


C3*-IT 


r 






INPUT 










OUTPUT 












Outline 8P5 



CIRCUIT SCHEMATIC 

Ci C4 




The diodes shown by broken line are 
parasite diodes and must not be used 



• SUB 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h20 


V 


Vebo 


Emitter-base sustaining voltage 




4 


V 


Ic 


Collector current 


Transistor ON 


50 


nnA 


V, 


Input voltage 




20 


V 


Pd 


Power dissipation 


Ta =75°C 


500 


mW 


Topr 


Operating temperature 




-20 — h75 


"C 


Tstg 


Storage temperature 




-55— +125 





RECOMMENDED OPERATING CONDITIONS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vc 


Output voltage 


0 




18 


V 


Ic 


Collector current per channel 


0 




20 


mA 


V,H 


"H" Input voltage 


Ic =30mA 


11 




18 


V 


V,L 


"L" Input voltage 




0 




0.2 


V 
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M54512L 



4-UNIT SOmA TRANSISTOR ARRAY 



ELECTRICAL CHARACTERISTICS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


'o(leak) 


Output leakage current 


VcE =20V 






20 


//A 


VcE(sat) 


Output saturation voltage 


Ib = 2 mA 


Ic =10mA 




0. 02 


0.1 


V 


Ic =20mA 




0. 04 


0.2 


BVebo 


Emitter-base sustaining voltage 


lEBO=150/iA 


4 






V 


V, 


Input voltage 


Ib = 2 mA 


4 


11 


18 


V 




DC forward current gain 


VcE = 6 V, Ic =20mA, Ta=25°C 


60 


150 







* Typical values are at Ta = 25°C 



TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 
CHARACTERISTICS 



o 
I- 
o 



o 
o 



^ 15 

















/ 

/ 








^CE = 


=4V 








f / 
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/ 
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D 


0.5 


1 


0 
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o 

Q 



DC CURRENT GAIN 
CHARACTERISTICS 




INPUT VOLTAGE V,(V) 



0.1 3 5 7 1 3 5 7 10 3 5 7100 

COLLECTOR CURRENT lc(mA) 



OUTPUT CHARACTERISTICS 
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/ 
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/ 


Y, 
















/ 




T 
















/ / 


jA 
















f 
tj 
t/ 


/ 






lo = 


7mA 










** 

y 








— Ta => 


5°C 






f 








la — ^uv^ 
Ta =-20°C 




7 
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OUTPUT SATURATION VOLTAGE VcE(sat)(mV) 
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IVIS4513P 



8-UNIT 50mA TRANSISTOR ARRAY 



DESCRIPTION 

The M54513P, 8-channel sink drivers, consists of 8 NPN 
transistors with 2kCl series input resistors. 



FEATURES 

• High output sustaining voltage of 40V 

• 50mA output sink current capability 

• Wide operating temperature range (Ta = 



-20-+75r) 



APPLICATION 

LED or incandescent display digit driver 

FUNCTION 

The M54513P is comprised of eight NPN drivers. Each input 
has a voltage divider by 2k fl and 13. 6kn resistors. All emit- 
ters and the substrate are connected together to pin 9 . The 
open collector outputs are capable of sinking 50mA and will 
withstand 40V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



► 01 



INI -^jT — "t^o — Ti]- 



IN2 — [7 — [>o 2Z]~* o2 



IN8 -♦[T 
GND [T 



OS 



IN3 [T — je] 

IN4 — |T p>0 15]-^ 04 

^N5 — |T 1>0 m]-* 05 

IN6 |T 1>0 Ti]-^ 06 

IN7-*[7 \^ j2]-^ 07 




11]-^ 08 ^ 
NO 



Outline 18P4 



NC : No connection 



CIRCUIT SCHEMATIC 



INPUT O- 



2k 



O OUTPUT 



-O GND 



The diodes sliown by broken line are parasite diodes 

and must not be used Unit *. fl 



ABSOLUTE MAXIMUM RATINGS (T^ =-20-^+750, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — f-40 


V 


Ic 


Collector current 


Transistor ON 


50 


mA 


V, 


Input voltage 




10 


V 


Topr 


Operating temperature 




-20~+75 


°C 


Tstq 


Storage temperature 




-55 — hi 25 





RECOMMENDED OPERATIONAL CONDITIONS (Ta =-20^+75 C. unless otherwise noted) 



Symbol 


Parameter, 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




40 


V 


Ic 


Collector current per channel 


0 




20 


mA 


V.H 


"H" Input voltage 


Ic =20 mA 


2 




8 


V 


V,u 


"L" Input voltage 




0 




0.2 


V 
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8-UNIT 50mA TRANSISTOR ARRAY 



ELECTRICAL CHARACTERISTICS da =-20-^+750, unless otherwise noted) 



Synnbol 


Parameter 


Test conditions 


Limits 


Unit 


MIn 


Typ* 


Max 


'o(leak) 


Output leakage current 


VcE =40V 






50 




VcE(sat) 


Output saturation voltage 


V, =2V, lc=12mA 




30 


100 


mV 


V,=2.5V, lc=30mA 




70 


170 


1, 


Input current 


V, =2. 5V 




0. 85 


1.7 


mA 




DC forward current gain 


VcE = 4 V, Ic =30mA, Tg =25°C 


80 


200 







* : A typical value at Ta=25°C. 



TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 
CHARACTERISTICS 



o 
\- 
o 



o 
o 















r 

1 
1 










VcE 


=4V 








1 
1 








Ta =75r 


i 




-h— 

1 

1 












Ta = 


-20t 


J- 




















1 

1 

-H 


—U 


















1 / 


1 
1 


















fj 


1 
1 

t 
















—j 
1 
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1 1 
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V 


1 
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< 



O 

o 

Q 



DC CURRENT GAIN 
CHARACTERISTICS 





























.VCE ='»V 


















Ta =25X 

Ta =-20 






































A 
















































































































✓ 

* 

























INPUT VOLTAGE V,(V) 



1 3 5 7 10 3 5 7 100 

OUTPUT SATURATION VOLTAGE VcE(sat)(V) 



OUTPUT CHARACTERISTICS 




0 0.05 0.10 0 15 0.20 



OUTPUT SATURATION VOLTAGE VcE(sat)(V) 
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M54S14AP 

7-UNIT SOmA TRANSISTOR ARRAY 



DESCRIPTION 

The M54514AP, 7-channel sink drivers, consists of 7 NPN 
transistors with 2. 8k H series input resistors. 

FEATURES 

• Output breakdown voltage to 20V 

• 50mA output sink current capability 

• Low output saturation voltage 

• Wide operating temperature range (Ta =—20 — |-75°C ) 
APPLICATION 

LED or incandescent display digit driver 
FUNCTION 

The M54514AP is comprised of seven NPN drivers. Each in- 
put has a voltage divider by 2.8kn and lOkH resistors. All 
emitters and the substrate are connected together to pin 8 . 
The open collector outputs are capable of sinking 50mA and 
will withstand 20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 




INI -*|T 




lH 01 ^ 






IN2 -^[7 




15] 02 






IN3 -*\J 




n] 03 




INPUTS " 


IN4 -^[T 




13] - 04 


' OUTPUTS 




INS — |T 




12] ^ 05 






IN6 




TT] 06 






IN7 - [7 




lo] 07 ^ 




GND |T 








Outline 16P4 








NC '. No connection 



CIRCUIT SCHEMATIC 



2.8k 

INPUT O VW- 



-O OUTPUT 



-4 — O GND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta =-20^+75 C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5~+20 


V 


Ic 


Collector current 


Transistor ON 


50 


mA 


V, 


Input voltage 




10 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — 1-75 


"C 


Tsta 


Storage temperature 




-55—h125 


"C 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75r. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vo 


Output voltage 


0 




20 


V 


Ic 


Collector current per channel 


0 




20 


mA 


V,H 


"H" Input voltage 


lc=50mA 


2.4 




8 


V 


V,L 


"L" Input voltage 




0 




0.2 


V 
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ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


'odeak) 


Output leakage current 


VcE=20V 






20 


//A 


VcE(sat) 


Output saturation voltage 


V|=2. 4V 


lc=20mA 




0. 04 


0.17 


V 


lc=40mA 




0. 08 


0. 23 


1, 


Input current 


V|=2. 4V 




0.7 


1.1 


nnA 


hpE 


DC fonA/ard current gain 


VcE=4V. lc=40mA, Ta=25°C 


80 


200 







* : A typical value at Ta=25°C 



TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 
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OUTPUT CHARACTERISTICS 
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INPUT VOLTAGE V,(V) 



0 0.05 0.10 0.15 0.20 

OUTPUT SATURATION 

VOLTAGE VcE(sat)(V) 
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DC CURRENT GAIN 
CHARACTERISTICS 
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IVI54S1SP 

7-UNIT 16mA TRANSISTOR ARRAY 



DESCRIPTION 

The M54515P, transistor array, consists of seven NPN tran- 
sistors and is connected in a common-emitter configuration. 

FEATURES 

• Output breakdown voltage to 1 7V 

• 16mA output sink current capability 

• Wide operating temperature range (Ta =—20 — |-75'C ) 

APPLICATION 

LED or incandescent display driver 

FUNCTION 

The M54515P is comprised of seven NPN transistors. All 
emitters and the substrate are connected together to pin 8. 
The outputs are capable of sinking 16mA and will withstand 
17V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 02'— \T 

INPUT IN3 
OUTPUT 03 



IN7 INPUT 
H]— * 07 OUTPUT 

IN6 INPUT 
is]-* 06 OUTPUT 
IN5 INPUT 
05 OUTPUT 



Outline 16P4 



NC '. No connection 



CIRCUIT SCHEMATIC 



O OUTPUT 



INPUT O- 



-O GND 



The diodes sliown by broken line are parasite diodes 

and must not be used Unit : O 



ABSOLUTE MAXIMUM RATINGS da =-20-'+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0.5 — 1-17 


V 


V, 


Input voltage 




1.2 


V 


Ic 


Collector current 


Transistor ON 


16 


mA 


Topr 


Operating temperature / 




-20 — h75 


r 


Tsta 


Storage temperature 




-55 — 1-125 





RECOMMENDED OPERATIONAL CONDITIONS da =-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




17 


V 


Ic 


Collector current per channel 


0 




16 


mA 
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ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


loH=100/iA 


17 






V 


VcE(sat) 


Output saturation voltage 


loL=16mA. lB=0.5mA 




0.14 


0.5 


V 


VBE(sat) 


Base-emitter saturation voltage 


loL=16mA, Ib=0. 5mA 




0. 64 


1.2 


V 




DC foHA/ard current gain 


VcE=5V, lc=16mA, Ta=25°C 


32 


50 






lo(leak) 


Output leakage current 


Vo=17V, V,=0. 2\J 






700 


/"A 



* A typical value at Ta = 25°C . 



TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 
CHARACTERISTICS 
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CHARACTERISTICS 
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M54S16P 



S-UNIT 500mA DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54516P, 5-channel sink driver, consists of 10 NPN tran- 
sistors connected to form five high current gain driver pairs. 

FEATURES 

• Output sustaining voltage to 25 V 

• High output sink current to 500mA 

• PMOS Compatible input 

• Wide operating temperature range (Ta =—20 — |-75°C) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver. Interfacing for standard MOS/BIPOLAR logics. 

FUNCTION 

The M54516P is comprised of five NPN darlington driver 
pairs with 20kn series input resistors. All emitter and the 
substrate are connected together to pin 7. The output are 
capable of sinking 500mA and will withstand 25V in the OFF 
state. 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 




OUTPUTS 



Outline 14P4 



NC : No connection 



CIRCUIT SCHEMATIC 



20k 

INPUT O VW- 



'v 



-O OUTPUT 



: 20k 



-o GND 



The diodes shown by broken line are parasite diodes 

and must not be used Unit n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — 1-25 


V 


Ic 


Collector current per channel 


Transistor ON 


500 


mA 


V, 


Input voltage 




25 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tsta 


Storage temperature 




— 55~H-125 
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5-UNIT 500mA DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




25 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 

less than 10% 


0 




400 


mA 


Percent duty cycle 

less than 55% 


0 




200 


V,H 


"H" Input voltage 


lc=400mA 


8 




20 


V 


lc=200mA 


5 




20 


V,L 


"L" Input voltage 


•o(leak)=50/^A 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20'-+75°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


lcEo=100/iA 


25 






V 


VcE(sat) 


Output saturation voltage 


V|=8V, lc=400mA 




1.15 


2.2 


V 


V,=5V, lc=200mA 




0. 95 


1.4 


1, 


Input current 


Vi=17V 


0.3 


0.8 


1.8 


nnA 




DC forward current gain 


VcE=4V, lc=400mA. Ta=25°C 


1000 


4000 







* : A typical value at Ta=25°C. 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 




0 25 50 75 100 

AMBIENT TEMPERATURE Ta(°C) 
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3 400 



z 

UJ 

tc 

D 
O 

cc 
o 



OUTPUT CURRENT 
CHARACTERISTICS 
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A MITSUBISHI 
ELECTRIC 



2-115 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54516P 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 




ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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o 



o 
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• The number in 
O is the number 
of outputs conducting _ 
simultaneously 

• Ta=75t 
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7.UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54517P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form seven high current gain driver 
pairs. 

FEATURES 

• Output sustaining voltage to 25V 

• High output sink current to 400mA 

• PMOS Compatible input 

• Wide operating temperature range (Ta =— 20~H-75°C ) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver, Interfacing for standard MOS/BI POLAR logics 

FUNCTION 

The M54517P is comprised of seven NPN darlington driver 
pairs with 20k fl series input resistors. All emitters and the 
substrate are connected to pin 8. The output are capable of 
sinking 400mA and will withstand 25V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



GND |T 




Outline 16P4 



NC No connection 



CIRCUIT SCHEMATIC 



20k 

INPUT O ^AAr- 



-O OUTPUT 



-OGND 



The diodes shown by broken line are parasite diodes 

and must not be used Unit I D, 



ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — 1-25 


V 


'c 


Collector current per channel 


Transistor ON 


400 


mA 


V, 


Input voltage 




25 


V 


Pd 


Power dissipation 


Ta=25''C 


1.47 


W 


"Topr 


Operating temperature 




-20 — h75 


"C 


Tsta 


Storage temperature 




—55 hi 25 
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7.UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage / 


0 




25 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 

less than 8% 


0 




400 


mA 


Percent duty cycle 

less than 40% 


0 




200 


V,H 


"H" Input voltage 


lc=400mA 


8 




20 


V 


lc= 100mA 


5 




20 


V,L 


"L" Input voltage 


lo(leak)=50//A 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


lcEo=100/^A 


25 






V 


VcE(sat) 


Output saturation voltage 


V|=8V, lc=400mA 




1. 15 


2.2 


V 


V,=5V, lc=200mA 




0. 95 


1.4 


1, 


Input current 


V|=17V 


0.3 


0.8 


1.8 


mA 




DC forward current gain 


VcE=4V, lc=400mA. Ta=25°C 


1000 


4500 







* : A typical value at Ta=25°C. 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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simultaneously 

• Ta=25°C 



20 



40 



60 



DUTY CYCLE (%) 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 r 



o 
o 




DUTY CYCLE {%) 



DC CURRENT GAIN 
CHARACTERISTICS 



< 

(3 



O 

o 

Q 




3 5 7 100 3 5 7 1000 

COLLECTOR CURRENT lc(mA) 



A MITSUBISHI 
ELECTRIC 



2-119 



MITSUBISHI BIPOLAR DIGITAL ICs 



iVI54S19P 



7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54519P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form seven high current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 40V 

• High output sink current to 400mA 

• PMOS Compatible input 

• Wide operating temperature range (Ta=— 20 — h75°C) 
APPLICATION 

Relay and printer driver, LED or Incandescent display digit 
driver. Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The M54519P is comprised of seven NPN darllngton driver 
pairs with 20k series input resistors. 
All emitters and the substrate are connected together to pin 
8. The output are capable of sinking 400mA and will with- 
stand 40V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 




IN7— [7 
GND [J 



14]--03 

0>o 13]— 04 



IN5— O 12]-* 05 

IN6— [? [>o U\—' 06 



-t> — M-* 07 



Outline 16P4 



NC I No connection 



CIRCUIT SCHEMATIC 



20k 

INPUT O WA/- 



-O OUTPUT 



; 20k 



-O GND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


—0. 5 — f-40 


V 


Ic 


Collector current per channel 


Transistor ON 


400 


mA 


V, 


Input voltage 




-0. 5 — 1-40 


V 


Pd 


Power dissipation 


Ta=25'C 


1.47 


W 


Topr 


Operating temperature 




-20-— h75 


°C 


Tstg 


Storage temperature 




-55 hi 25 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter * 


Limits 


Unit 


Mm 


Typ 


Max 


Vo 


Output voltage 


0 




40 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 
less than B% 


0 




400 


mA 


Percent duty cycle 

less than 30% 


0 




200 


V,H 


"H" Input voltage 


lc=400mA 


8 




30 


V 


lc= 100mA 


5 




30 


V,L 


"L" Input voltage 


lo(leak)=50^A 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


lcEo=100^A 


40 






V 


VcE(sat) 


Output saturation voltage 


V|=8V, lc=400mA 




1.2 


2.4 


V 


V,=5V, lc=200mA 




0.9 


1.6 




Input current 


V,= 17V 


0.3 


0.8 


1.8 


mA 




DC forward current gain 


VcE=4V, lc=400mA, Ta=25°C 


1000 


6000 







* Typical values are at Ta=25°C.i 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 
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7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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DESCRIPTION 

The M54521P, 5-channel sink driver, consists of 10 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• Output sustaining voltage to 30V 

• High output sink current to 500mA 

• Wide operating temperature range (Ta =—20 — l-TS^C ) 

APPLICATION 

Relay and printer drivers, LED or incandescent display digit 
driver. Interfacing for standard MOS/BI POLAR logics 

FUNCTION 

The M54521P is comprised of five NPN darlington driver 
pairs. All emitters and the substrate are connected together 
to pin 7 . The output are capable of sinking 500mA and will 
withstand 30V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 




NC |T 




T4] NC 






'INI -|T 




23| 01 ' 






IN2 -^IT 




12] -02 




INPUTS • 


IN3 - [T 




iT]^ 03 


OUTPUTS 




IN4 [T 




10] 04 






. IN5 - 




T] 05 - 






GND [7 




T] NC 






Outline 14P4 










NC : 


No connection 



CIRCUIT SCHEMATIC 



INPUT 



GND o-i- 



-O OUTPUT 



-O GND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — hSO 


V 


Ic 


Collector current per channel 


Transistor ON 


500 


mA 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 
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RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




30 


V 




Collector current 


Percent duty cycle 

less than 10% 


0 




400 


mA 


Ic 


per channel 


Percent duty cycle 

less than 55% 


0 




200 




"H" Input current 


lc=200mA 


1 




5 


mA 


llH 


lc=400mA 


2 




5 


l|L 


"L" Input current 






0 


10 





ELECTRICAL CHARACTERISTICS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


lcEo=100/^A 


30 






V 


VcE(sat) 


Output saturation voltage 


V|=2mA, lc=400mA 




1.0 


2.4 


V 


V|=1mA, lc=200mA 




0.8 


1.6 


V, 


Input voltage 


li=1mA 


0.6 


1.35 


1.7 


V 



* '. Typical values are at Ta=25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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8-UNIT 400mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54522P, 8-channel sink driver, consists of 16 NPN tran- 
sistors connected to form eight high current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 40V 

• High output sink current to 400mA 

• Integral diodes for transient suppression 

• PMOS Compatible input 

• Wide operating temperature range (Ta = —20 — {-l^'C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver. Interfacing between MOS/BIPOLAR logics and high 
power loads 

FUNCTION 

The M54522P is comprised of eight NPN darlington driver 
pairs with 20k H series input resistors. Each output has an in- 
tegral diode for inductive load transient suppression. The 
cathodes of the diodes are connected together to pin 10. All 
emitters and the substrate are connected to pin 9 . The out- 
put are capable of sinking 400mA and will withstand 40V in 
the OFF state. 



PIN CONFIGURATION (TOP VIEW) 




Outline 18P4 



CIRCUIT SCHEMATIC 



20 k 



-►l-t-oCOM 



-o OUTPUT 



|20k 






2k 







at 



GND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : Q, 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h40 


V 


Ic 


Collector current per channel 


Transistor ON 


400 


mA 


V, 


Input voltage 




-0. 5 — h40 


V 


If 


Clamp diode forward current 




400 


mA 


Vr 


Clamp diode reverse voltage 




-0. 5 — h40 


V 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55—4-125 
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RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vo 


Output voltage 


0 




40 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 
less than 1% 


0 




,400 


mA 


Percent duty cycle 
less than 30% 


0 




200 


V,H 


"H" Input voltage 


lc=400mA 


8 




30 


V 


lc=200mA 


4 




30 


V,L 


"L" Input voltage 


'o(leak)=50/^A 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (Ta^ 20~+75r. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustainmg voltage 


lcEo=100//A 


40 






V 


VcE(sat) 


Output saturation voltage 


V,=8V, lc=400mA 




1. 15 


2.4 


V 


Vi=4V, lc=200mA 




0. 94 


1.6 


li 


Input current 


V|=17V 


0.3 


0.9 


1.8 


mA 


Vf 


Clamp diode forward voltage 


lF=400mA 




1.5 


2.4 


V 


Vr 


Clamp diode reverse voltage 


1r=100/^A 


40 






V 




DC forward current gam 


VcE=4V, lc=300mA, Ta=25°C 


1000 


8000 







* : Typical values are at Ta=25°C! 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



OUTPUT CURRENT 
CHARACTERISTICS 
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AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE V,(V) 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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DUTY CYCLE (%) 



O 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 




Frequency 

^lOHz 
•The number in- 

O is the number 

of outputs conducting 

simultsneousiy. 
•Ta=75°C 
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DUTY CYCLE (%) 



DC CURRENT GAIN 
CHARACTERISTICS 
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7-UNIT 500mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54523P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form seven high current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 50V 

• High output sinl< current to 500mA 

• Integral diodes for transient suppression 

• PMOS Compatible input 

• Wide operating temperature range (Ta =—20 — hl^'C ) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver. Interfacing for standard MOS/BI POLAR logics. 

FUNCTION 

The M54523P is comprised of seven NPN darlington driver 
pairs with 2. 7kfl series input resistors. Between pin 9 and 
each output, there are integral diodes for inductive load 
transient suppression. All emitters and the substrate are 
connected together to pin 8. The outputs are capable of 
sinking 500mA and will withstand 50V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



IN3-^[3J— ->>|— ■ 



IN4 — [T — [>>|— - 
IN6 — |T — 1>> 



GND [8 



16]-- 01 
— 02 



03 

ll-* 04 



U-- 05 
TT|-- 06 



10- 



07 



— j]-* COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



2.7k 

INPUT o — • — ^A/V- 



-►i 1 — oCOM 



-o OUTPUT 



3k 



-o GND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : a 



ABSOLUTE MAXIMUM RATINGS (Ta 20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 h50 


V 


•c 


Collector current per channel 


Transistor ON 


500 


mA 


V, 


Input voltage 




-0. 5~+30 


V 


If 


Clamp diode forward current 




500 


mA 


Vr 


Clamp diode reverse voltage 




-0. 5 — 1-50 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55 1-125 


r 
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7.UNIT 500mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


IVlax 


Vo 


Output voltage 


0 




50 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 
less than 8% 


0 




400 


mA 


Percent duty cycle 
less than 30% 


0 




200 


V.H 


"H" Input voltage 


lc=400mA 


3.85 




25 ~ 


V 


lc=100mA 


3.4 




25 


V,L 


"L" Input voltage 


0 




0.6 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


'o(leak) 


Output leakage current 


VcE=50V 






100 


juA 


VcE(sat) 


Output saturation voltage 


V|=3. 85V, lc=400mA 




1.3 


2.4 


, V 


V|=3. 85V, lc=200mA 




0. 95 


1.6 


li 


Input current 


V|=3. 85V 




0. 95 


1.8 


mA 


V|=25V 




9 


18 


Vf 


Clamp diode forward voltage 


lF=400mA 




1.5 


2.4 


V 


Ir 


Clamp diode leakage voltage 


Vr=50V 






100 


juA 


hpE 


DC fonvard current gain 


VcE=4V, lc=350mA, Ta=25°C 


1000 


2500 







* : Typical values are at Ta=25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




OUTPUT CURRENT 
CHARACTERISTICS 
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AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE V,(V) 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



3 400 
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value per output 
_ •Repetitive 
Frequency 
^lOHz 
— •The number in- 
O is the nunnber 
of outputs conducting 
simultaneously 
• Ta=25X; 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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• The number In 
O is the number 
of outputs conducting 
simultaneously 

• Ta=75°C 
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40 



20 



40 
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O 
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INPUT CHARACTERISTICS 
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DC CURRENT GAIN 
CHARACTERISTICS 
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7.UNIT SOOniA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54524P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 50V 

• High output sink current to 500mA 

• Integral diodes for transient suppression 

• Wide operating temperature range (Ta = —20 — |-75°C ) 

APPLICATION 

Relay and printer drivers, LED or incandescent display digit 
driver, Interfacing for standard MOS/BI POLAR logics 

FUNCTION 

The M54524P is comprised of seven NPN darlington driver 
pairs. Between pin 9 and each output, there are integral 
diodes for inductive load transient suppression. All emitters 
and the substrate are connected together to pin 8. The out- 
puts are capable of sinking 500mA and will withstand 50V in 
the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



IN 1 -> Li 

IN2-^ [2 
13 

IN4 I 4 
IN5-^ [S_ 
IN6— [£ 
IN7-> [7 
GND (T 



E-|> 
II-{>> 

II -O 



1] 

14] 

H 

1 

n]- 
io). 

u 



► 01 
^02 
►03 
►04 
►05 
►06 
►07 

► COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



INPUT o- 



-» r — o COM 



-o OUTPUT 



3k 



-o GND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 1-50 


V 


Ic 


Collector current per channel 


Transistor ON 


500 


mA 


If 


Clamp diode forward current 




\ 500 


mA 


Vr 


Clamp diode reverse voltage 




-0. 5 1-50 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — 1-75 


"C 


Tstg 


Storage temperature 




-55 — 1-125 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




50 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 
less than 8% 


0 




400 


mA 


Percent duty cycle 
less than 30% 


0 




200 


llH 


"H" Input current 


lc=400mA 


1 




20 


mA 


IlL 


"L" Input current 


0 




20 


/iA 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


lo(leak) 


Output leakage current 


VcE=50V 






100 


juA 


VcE(sat) 


Output saturation voltage 


li=lmA, lc=400mA 




1.3 


2.4 


V 


li=lmA, lc=200mA 




0. 95 


1.6 


V, 


Input voltage 


li=1mA 




1.35 


1.7 


V 


Vf 


Clamp 6\o6e forward voltage 


lF=400mA 




1.5 


2.4 


V 


Ir 


Clamp diode leakage current 


Vr=50V 






100 






DC forward current gam 


VcE=4V, lc=350mA. Ta=25°C 


1000 


2500 







* * Typical values are at Ta=25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 
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CHARACTERISTICS 



























VcE 


=4\ 


f 




t 














Ta = 


75 °C 


















ig — v> 
Ta = -20°C 




























































r 
1 




















t 

— 1 — 




















J- 




















L,. 











INPUT VOLTAGE V,(V) 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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of outputs conducting 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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DC CURRENT GAIN 
CHARACTERISTICS 
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7-UNIT 500mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54525P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form higli current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 50V 

• High output sink current to 500mA 

• Integral diodes for transient suppression 

• 24V PMOS compatible input 

• Wide operating temperature range (Ta =—20 — |-75°C) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver, Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The M54525P is comprised of seven NPN darlington driver 
pairs. Each input has a Zener diode and 10. 5kn resistor in 
series to limit the input current. Between pin 9 and each out- 
put, there are integral diodes for inductive load transient 
suppression. All emitters and the substrate are connected 
together to pin 8 . The outputs are capable of sinking 500mA 
and will withstand 50V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



IN2—|T Oj— - 

'N3-^[I— - 



Te)— c 



'N5-.[5 — >>|— - 
IN6->[6}--t>j— - 



IN7-^[T— [>>|— - 
GND [s] 



lH— 02 



131-04 
lH — 05 



n]— 06 
To] -^07 

J]— •'COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



INPUT o- 



Vz=7V 



->| t-oCOM 




-o OUTPUT 



-i i— o GND 



The diodes siiown by broken line are 
parasite diodes and must not be used 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — 1-50 


V 


Ic 


Collector current per channel 


Transistor ON 


500 


nnA 


V, 


Input voltage 




-0. 5 — 1-30 


V 


If 


Clamp diode forv/ard current 




500 ^ 


mA 


Vr 


Clamp diode reverse voltage 




-0. 5 — 1-50 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20—1-75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 
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RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




50 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 
less than S% 


0 




400 


mA 


Percent duty cycle 
less than 30% 


0 




200 


V,H 


"H" Input voltage 


lc=400mA 


17 




25 


V 


V,L 


"L" Input voltage 


0 




6 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


•o(leak) 


Input leakage current 


VcE=50V 


li=OmA 






100 


mA 


V|=6V 






500 


VcE(sat) 


Output saturation voltage 


V|=17V, lc=400mA 




1.3 


2.4 


V 


V|=17V, lc=200mA 




0. 95 


1.6 




Input current 


V|=17V 




0. 85 


1.8 


mA 


V|=25V 




1.6 


3.2 


Vf 


Clamp diode forward voltage 


lF=400mA 




1.5 


2.4 


V 


Ir 


Clamp diode leal<age current 


Vr=50V 






100 


juA 




DC forward current gain 


VcE=4V, lc=350mA, Ta=25°C 


1000 


2500 







* : Typical values are at Ta=25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




OUTPUT CURRENT 
CHARACTERISTICS 
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ALLOWABLE COLLECTOR CURRENT ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE AS A FUNCTION OF DUTY CYCLE 




value per ouFput. 

• Repetitive 
Frequency 
^lOHz 

100 |- •The number in 
O is tlie number 
of outputs conducting 
simultaneously. 

• Ta=25r 
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DESCRIPTION 

The M54526P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form higli current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 50V 

• High output sink current to 500mA 

• Integral diodes for transient suppression 

• PMOS compatible input 

• Wide operating temperature range (Ta = —20 — |-75°C ) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver. Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The M54526P is comprised of seven darlington driver pairs 
with 10. 5kn series input resistors. Between pin 9 and each 
output, there are integral diodes for inductive load transient 
suppression. All emitters and the substrate are connected 
together to pin 8 . The outputs are capable of sinking 500mA 
and will withstand 50V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



INI [_1 
IN2-^ [2 
IN3-^ [I 
IN4-> |T 
INS-*- |_5 
IN6->. [e 
IN7-^ IT 
GND [T 



[F-O 
H-O- 
Ci-O 



■C7 



15] -^02 
m] -^03 
13] —04 
12| —05 

n] ->06 

To] —07 
I— T] — COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



10 5k 
INPUT o — » — 



3k 

AAV 



-r — o COM 



-o GND 



The diodes shown by broken line are 
parasite diodes and must not be vsed 



Unit : O 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — [-50 


V 


Ic 


Collector current per channel 


Transistor ON 


500 


mA 


V| 


Input voltage 




-0.5 — h30 


V 


If 


Clamp diode forward current 




500 


nnA 


Vr 


Clamp diode reverse voltage 




-0. 5 — 1-50 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 


°C 
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M54526P 



7.UNIT 500mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75r. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




50 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 
less than 8% 


0 




400 


mA 


Percent duty cycle 
less than 30% 


0 




200 


V,H 


"H" Input voltage 


lc=400mA 


8 


10 


25 


V 


V,L 


"L" Input voltage 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (Ta= -20^+750, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


'o(leak) 


Output leakage current 


VcE=50V 






100 




VcE(sat) 


Output saturation voltage 


V,=8V, lc=400mA 




1.3 


2.4 


V 


V|=8V. lc=200mA 




0. 95 


1.6 


1. 


Input current 


V,= 10V 




0.9 


1.5 


mA 


V|=25V 




2.8 


4.1 


Vf 


Clamp diode forward voltage 


lF=400mA 




1.5 


2.4 


V 


Ir 


Clamp diode leakage current 


Vr=50V 






100 




hFE 


DC forward current gain 


VcE=4V, lc=350mA, Ta=25°C 


1000 


2500 







* : Typical values are at Ta = 25°C 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

2.0| \ 1 1 



UJ 




% 25 50 75 100 

AMBIENT TEMPERATURE TgCC) 



OUTPUT CURRENT 
CHARACTERISTICS 




INPUT VOLTAGE V,(V) 
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M54526P 



7-UNIT 500mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



O 

tr 
O 




• The number in 
O is the number 
of outputs conducting 
simultaneously. 

• Ta=25°C 



20 



40 



DUTY CYCLE {%) 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 r 



< 

E 



O 

o 




DUTY CYCLE (%) 
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M54S27P 

6-UNIT ISOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54527P, 6-channel sink driver, consists of 12 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 40V 

• Output sink current to 150mA 

• PMOS compatible input 

• Integral diode for transient suppression 

• Wide input voltage range from ~40V to +40V 

• Wide operating temperature range (Ta =~20 — f-75''C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver, Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The M54527P is comprised of six darlington driver pairs. 
Each input has a diode and 20kQ resistor in series to allow 
a negative voltage input. Between pin 8 and each output, 
there are integral diodes for inductive load transient sup- 
pression. All emitters and the substrate are connected 
together to pin 7 . The outputs are capable of sinking 150mA 
and will withstand 40V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



r-l 13^ 



GND [T 



IN2~^|T t^^T^' 

IN3-^|T C>^- 

IN4-»(T [>0|— - 



14]— 01 
13]—02 
121—03 

n]— 04 

10] — 05 
]9]— 06 
-8]— COM 



Outline 14P4 



CIRCUIT SCHEMATIC 



INPUT o-H- 



20 k 
-AAAr- 



-oCOM 



H-o OUTPUT 



:20k 








:2k 


J 1 

! 1 






j 1 

—i i-r 



The diodes shown by broken line are 
parasite diodes and must not be vsed. 



Unit : a 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0.5~+40 


V 


Ic 


Collector current per channel 


Transistor ON 


150 


nnA 


V, 


Input voltage 




-40 — 1-40 


V 


'f(D) 


Clamp diode forward current ' 




150 


nnA 


Vr(d) 


Clamp diode reverse voltage 




-0. 5 — 1-40 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




—55 — 1-125 


"C 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~-H75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




40 


V 


•c 


Collector current 
per channel 


Percent duty cycle 

less than 50% 


0 




150 


nnA 


V,H 


"H" Input voltage 


lc= 150mA 


7 




35 


V 




"L" Input voltage 


lo{leak)=50A^A 


0 




1 


V 
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6-UNIT 150mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)ceo 


Output sustaining voltage 


lcEo=100^A 


40 






V 


VcE(sat) 


Output saturation voltage 


V|=7V, lc= 150mA 




1.4 


1.7 


V 


V|=7V, lc= 100mA 




1.2 


1.4 




Input current 


V|=18V 




0.9 


1.8 


mA 


V|=35V 




1.9 


5 


Ir 


Input leakage current 


V|=-35V 






-20 


mA 


Vf(D) 


Clamp diode forward voltage 


If(D)= 150mA 




1.15 


1.6 


V 


Ir{D) 


Clamp diode leakage current 


Vr(d)=40V 






100 


juA 




DC forward current gam 


VcE=4V, lc=150mA, Ta=25°C 


800 


2500 







* *. Typical values are at Ta = 25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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• Ta=25t 
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E 



O 
O 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 




• The number in • 
O IS the number 
of outputs conducting 
simuitaneousiy 

• Ta=75°C 



80 100 



DUTY CYCLE {%) 



DUTY CYCLE {%) 



OUTPUT CURRENT DC CURRENT GAIN 

CHARACTERISTICS CHARACTERISTICS 




INPUT VOLTAGE V,(V) COLLECTOR CURRENT lc(mA) 
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iVI54S28P 



7-UNIT 150mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54528P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 40V 

• Output sink current to 150mA 

• Efficient I/O pin layout 

• PMOS compatible input 

• Integral diodes for transient suppression 

• Wide input voltage range from —40V to +40 V 

• Wide operating temperature range (Ta = —20 — h75°C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver, Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The M54528P is comprised of seven darlington driver pairs. 
Each input has a diode and 20k (1 resistor in series to allow 
a negative voltage input. Between pin 9 and each output, 
there are integral diodes for inductive load transient sup- 
pression. All emitters and the substrate are connected 
together to pin 8 . The outputs are capable of sinking 150mA 
and will withstand 40V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



' INI -.[T — ^ 



^[2_|>^. 
IN3 -►[3] 1>^>-|-^- 



IN4 -►[? \^ ^ ^ - 

IN5 -^\5\ [>o-|— - 



IN6 -►[? [>o ^ - 

GND [? 



Te] 01 
02 



n]. 
iol- 

D- 



OUTPUTS 



► 03 

► 04 

► 05 

► 06 
• 07 J 
■ COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



20 k 

INPUT o-W 



►I T o COM 



-f-o OUTPUT 



^-oGND 



The diodes shown by broken line are 
parasite diodes and must not be vsed. 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustainmg voltage 


Transistor OFF 


—0. 5~+40 


V 


Ic 


Collector current per channel 


Transistor ON 


150 


mA 


V, 


Input voltage 




—40 — 1-40 


V 


If 


Clamp diode forward current 




150 


mA 


Vr 


Clamp diode reverse voltage 




-0. 5 — 1-40 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — 1-75 


"C 


Tstg 


Storage temperature 




—55 — 1-125 


"C 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~-H75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




40 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 

less than 40% 


0 




150 


nnA 


ViH 


"H" Input voltage 


lc= 150mA 


7 




35 


V 




"L" Input voltage 


lo(ieak)=50^A 


0 




1 


V 
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IVI54528P 



7-UNIT ISOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



ELECTRICAL CHARACTERISTICS (Ta 20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


lcEo=100//A 


40 






V 


VcE(sat) 


Output saturation voltage 


Vi=7V, lc=150mA 




1.4 


1.7 


V 


Vi=7V, lc=100mA 




1.2 


1.4 


li 


Input current 


V|=18V 




0.9 


1.8 


mA 


V,=35V 




1.9 


5 


Ir 


Input leakage current 


V,=-35V 






-20 




Vf(d) 


Clamp diode forward voltage 


If(D)= 150mA 




1.15 


1.6 


V 


Ir(D) 


Clamp diode leakage current 


Vr(D)=40V 






100 


lu/K 


hpE 


DC forward current gam 


VcE=4V, lc= 150mA, Ta=25°C 


800 


2500 







* '. Typical values are at Ta = 25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 











































































































• Tf 


ie cu 


rent 


s 














snown oy the 
value per output. 
. • Repetitive 1 














Frequency 
^lOHz 1 














■ ©The number in 
0 is the number 
of outDuts conduct 


ing 












simulta 


neously 














•T|=25 


c 1 











DC 
D 
O 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



200 




• The number in 
O is the number 
of outputs conducting ■ 
simultaneously 

• Ta=75\: I 



DUTY CYCLE {%) 



DUTY CYCLE {%) 



O 



o 
o 



OUTPUT CURRENT 
CHARACTERISTICS 



























VCE 


=4V 


















— Ta=7 


5;c 

20°C 


1 
















— 1 


a —4 

a =- 












































































































































7 







INPUT VOLTAGE V,(V) 



DC CURRENT GAIN 
CHARACTERISTICS 



< 



O 




10 3 5 7 100 3 5 7 1000 

COLLECTOR CURRENT lc(mA) 
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IVI54529P 

S-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 



DESCRIPTION 

The M54529P, 5-channel sink driver, consists of 10 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• Output sustaining voltage to 20V 

• High output sink current to 320nriA 

• PMOS Compatible input with strobe control 

• Wide operating temperature range (Ta=— 20~+75°C) 

APPLICATION 

Relay and printer driver, LED and incandescent display digit 
driver, Interfacing for Standard MOS/BI POLAR logics 

FUNCTION 

The M54529P uses a predriver stage. Each input has a diode 
and 20k n resistor in series to have a wide input voltage 
range from —25V to +20V. All input can be controlled simul- 
taneously by a strobe input at pin 1 . The power supply of the 
predrivers is connected to pin 14. All emitters and the sub- 
strate are connected together to pin 7 . The outputs are ca- 
pable of sinking 320mA and will withstand 20V in the OFF 
state. 



PIN CONFIGURATION (TOP VIEW) 



STROBE INPUT STB-»|T 

INI -*r2 




Outline 14P4 



NC : No connection 



FUNCTIONAL TABLE 



CIRCUIT SCHEMATIC 



INPUT o- 
STROBE„ 



20 k 
-WV- 



INPUT 



^STBo- 



"-^-po OUTPUT 



>20k 



-i-^ GND 



The diodes shown by broken line are 
parasite diodes and must not be vsed 



Unit : n 



IN 


STB 


OUT 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



ABSOLUTE MAXIMUM RATINGS (Ta=-20--+75r. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — hlO 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — 1-20 


V 


Ic 


Collector current per channel 


Transistor ON 


320 


mA 


V, 


Input voltage 




-25 — 1-20 


V 


V| (STB) 


Strobe input voltage 




-0. 5 — f-20 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — h75 


"C 


Tstg 


Storage temperature 




-55 — 1-125 


"C 
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M54529P 



S-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


3 




8 


V 


Vo 


Output voltage 


0 




20 


V 




Collector current 


Percent duty cycle 

less than 33%, Vcc=6.5V 


0 




300 


mA 


Ic 


per channel 


Percent duty cycle 

less than 80%, Vcc=6. 5V 


0 




150 


V|H 


"H" Input voltage 


lc=300mA 


7 




15 


V 


lc=150mA 


6 




15 


V,L 


"L" Input voltage 


lo(leak)=50^A 


0 




1 


V 


V(H(STB) 


"H" Input voltage (strobe input) 


2.4 




15 


V 


V|L(STB) 


"L" Input voltage (strobe input) 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


Vcc=8V, V|=7V, V,(STB)=0. 2V 
Iced =100/^ A 


20 






V 


VcE(sat) 


Output saturation voltage 


V|==7V Vcc=6. 5V, lc=250mA 




0.5 


0. 85 


V 


Vi(STB)=2. 4V 1 Vcc=3V, lc= 1 20mA 




0.3 


0.5 


li 


Input current 


Vcc=8V, V|=18V, V|(STB)=2.4V 




0.9 


1.8 


mA 


Ir 


Input leakage current 


Vcc=8V, V|=-25V 




0 


-20 


//A 


l|(STB) 


Strobe input current 


Vcc=8V, V|=7V all input 

V,(STB)=0.2V 




-4 




mA 


Ir(STB) 


Strobe input leakage current 


Vcc=8V, V|=0V, V|(STB)=20V 




0 


10 


y"A 


'cc 


Supply current 


Vcc=8V, V|=7V all input 
Vi(STB)=2.4V 




95 


170 


mA 




DC forward current gam 


VcE=4V, Vcc=6. 5V, lc=300mA, Ta=25°C 

V|H(STB)=2. 4V 


1000 


3000 







* : Typical values are at Ta = 25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




o 



OUTPUT CURRENT 
CHARACTERISTICS 



























-Vcc 




















VCE 


=4V 














'a=75X: 

Ta=25X: 
















Ta= 


-20^ 


C 
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1 
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-H 
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/ 





AMBIENT TEMPERATURE TgCC) 



INPUT VOLTAGE V|(V) 
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IVI54529P 



S-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



< 

E 

'S 300 



D 
O 



•The current is 
shown by the 
value per output. 

• Repetitive j 
Frequency 



• The number in 
O is the number 
of outputs conducting 
simultaneousiy. 
•Ta=25X:^ I 



o 
o 



20 



40 




DUTY CYCLE {%) 



DUTY CYCLE {%) 



O 
Q 



DC CURRENT GAIN 
CHARACTERISTICS 




10 3 5 7 100 3 5 7 1000 

COLLECTOR CURRENT lc(mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54529AP 

5-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 



DESCRIPTION 

The M54529AP, 5-channel sink driver, consists of 10 NPN 
transistors connected to form high current gain driver pairs. 

FEATURES 

• Output sustaining voltage to 20V 

• High output sink current to 320mA 

• CIVIOS compatible input with strobe control 

• Wide operating temperature range (Ta =—20 — h75°C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver. Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The M54529AP uses a predriver stage. Each input has a 
diode and SOkO, resistor in series to have a wide input volt- 
age range from —25V to +20V. All input can be controlled 
simultaneously by a strobe input at pin 1 . The power supply 
of ttie predrivers is connected to pin 14. All emitters and the 
substrate are connected together to pin 7 . The outputs are 
capable of sinking 320mA and will withstand 20V in the OFF 
state. 



PIN CONFIGURATION (TOP VIEW) 



STROBE INPUT STB ->[T 

INI -►IT 




Outline 14P4 



NC *. No connection 



CIRCUIT SCHEMATIC 



INPUT o- 



-t-r°ouT 

PUT 



STROBE STBo- 
INPUT 




The diodes shown by broken line are 
parasite diodes and must not be vsed. 



Unit : a 



FUNCTIONAL TABLE 



IN 


STB 


OUT 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5-4-10 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5—1-20 


V 


Ic 


Collector current per channel 


Transistor ON 


320 


mA 


V, 


Input voltage 




-20 — h20 


V 


V|(STB) 


Strobe input voltage 




-0. 5 — 1-20 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — h75 


'C 


Tstg 


Storage temperature 




-55 — hi 25 


'C 
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S-UNIT 320mA TRANSISTOR ARRAY WITH STROBE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


3 


5 


8 


V 


Vo 


Output voltage 


0 




20 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 

less than 33%, Vcc=6.5V 


0 




300 


mA 


Percent duty cycle 

less than BQ%, Vcc=6. 5V 


0 




150 


V.H 


"H" Input voltage 


lc=150mA 


3.5 




15 


V 


lc=300mA 


5 




15 


V,L 


"L" Input voltage 


lo(leak)=50A^A 


0 




1 


V 


VlH(STB) 


"H" Input voltage (strobe input) 


2.4 




15 


V 


V|L(STB) 


"L" Input voltage (strobe input) 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherv^ise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


IVIin 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


Vcc=8V, V|=8V, V|,sTB)=0. 2V 
lcEo=100/^A 


20 






V 


VcE(sat) 


Output saturation voltage 


V,(STB)=2. 4V 


Vcc=6.5V, V|=5V, lc=250mA 




0. 35 


0. 85 


V 


Vcc=3V, V,=3.5V, lc=150mA 




0.2 


0.6 




Input current 


Vcc=5V, V|=3. 5V, V|,sTB)=2. 4V 




20 


120 




Ir 


Input leakage current 


Vcc=8V, V|=-20V 






-20 


juA 


'l(STB) 


Strobe input current 


Vcc=5V, V|=5V all input 

V,(STB)=0. 2V 




-0.8 


-1.5 


mA 


Ir(STB) 


Strobe input leakage current 


Vcc=8V, V|=OV, V|(STB)=20V 






10 


juA 


Ice 


Supply current 


Vcc=8V, V|=5V all input 
V,(STB)=2.4V 




95 


170 


mA 




DC forward current gam 


VcE=4V, Vcc=6. 5V, lc=300mA, Ta=25°C 

V,H(STB)=2. 4V 


1000 


18000 







* : Typical values are at Ta = 25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




OUTPUT CURRENT 
CHARACTERISTICS 



Vcc = 

VcE = 












=6.5V 
=4V 

Ta'=75°C 












Ta =25°C 
Ta =-20t 


























j 





















AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE V,(V) 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



D 
O 



o 
o 




• The current is 
shown by the 

— value per output. - 

• Repetitive , 
Frequency 

^lOHz 



• The number In T 
O is the number 
of outputs conducting 
simultaneously. 

• Vcc=6.5V j 



3 
O 

O 



o 
o 



• The current Is 
shown by the 

value per output 

• Repetitive 
Frequency 
^lOHz 

• The number in , 
O IS the number 
of outputs conducting 
simultaneously. 

• Vcc=6. 5V 

• Ta=25°C I 




20 



40 



20 



40 



DUTY CYCLE {%) 



DUTY CYCLE {%) 



DC CURRENT GAIN 
CHARACTERISTICS 



T0» 
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DESCRIPTION 

The M54530P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form seven iiigh current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 40V 

• High output sink current to 400mA 

• Integral diodes for transient suppression 

• PMOS compatible input 

• Wide operating temperature range (Ta =—20 — |-75°C) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver, Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The M54530P is comprised of seven NPN darlington driver 
pairs with 20k H series input resistors. Between pin 9 and 
each output, there are integral diodes for inductive load 
transient suppression. All emitters and the substrate are 
connected together to pin 8 . The outputs are capable of 
sinking 400mA and will withstand 40V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



INWQ]— 
IN2 — [2] [>>|— - 

'N3-H>[3]-H>]-^- 

IN4 — |T| t>o-p— ■ 

'N5->[5]---t>>|— - 



IN6- 



[6-i> 



GND 



16]— 01 
15]— 02 
14]-^03 
13]— 04 
12]— 05 
TT|— 06 



10]— 07 
^— COM 



Outline 16P4 



CIRCUIT SCHEMATIC 



INPUT c 



-N-roCOM 

• l-o OUTPUT 



>20k 



^2k 



-* A-oGND 



The diodes shown by broken line are 
parasite diodes and must not be vsed. 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h40 


V 


Ic 


Collector'current per channel 


Transistor ON 


400 


nnA 


V| 


Input voltage 




-0. 5 — 1-40 


V 


If 


Clamp diode forward current 




400 


nnA 


Vr 


Clamp diode reverse voltage 




-0. 5 — 1-40 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 
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RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




40 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 
less than 8% 


0 




400 


nnA 


Percent duty cycle 
less than 30% 


0 




200 


V,H 


"H" Input voltage 


lc=400mA 


8 




35 


V 


lc=200mA 


5 




35 


V,L 


"L" Input voltage 


lo(leak)=50/^A 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


Icer=100a^A 


40 






V 


VcE(sat) 


Output saturation voltage 


V|=8V, lc=400mA 




1.3 


2.4 


V 


V,=5V, lc=200mA 




1 


1.6 




Input current 


V,= 17V 




0. 85 


1.8 


mA 


V,=35V 




2.0 


3.8 


Vf 


Clamp diode forward voltage 


lF(D)=400mA 




1.5 


2.4 


V 


Vr 


Clamp diode reverse voltage 


Vr(D)=100/^A 


40 






V 


hpc 


DC forward current gam 


VcE=4V, lc=300mA, Ta=25°C 


1000 


3500 







* : Typical values are at Ta = 25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




O 
CC 

O 
I- 
o 



o 
o 



OUTPUT CURRENT 
CHARACTERISTICS 























VCE = 


4V 














— Ta 

— Ta 


=75°C 
=25°C 














- Ta 


=-20° 


















— 1 
-i 
















_L 


















/ 


















—t- 
/ 






1 





AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE V,(V) 
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DC CURRENT GAIN 
CHARACTERISTICS 



10000 
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./ 






















✓ 






































4 




> 
































VcE 


=4 


V 






















Ta = 


75°( 




✓ 












1 


Ta =-20°C 
1 1 1 1 



10 3 5 7 100 3 5 7 1000 
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7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54531 P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 40V 

• High output sink current to 400mA 

• Integral diodes for transient suppression 

• PMOS compatible input 

• Wide input voltage range from —40V to +40V 

• Wide operating temperature range (Ta =— 20~+75°C) 

APPLICATION 

Relay and printer driver, LED and incandescent display digit 
driver. Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The M54531P is comprised of seven NPN darlington driver 
pairs. Each input has a diode and 20k f2 resistor in series to 
allow a negative voltage input. Between pin 9 and each out, 
there are integral diodes for inductive load transient sup- 
pression. All emitters and the substrate are connected 
together to pin 8 . The outputs are capable of sinking 400mA 
and will withstand 40V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



IN2->[2— 1>>|— - 
IN3— [7— [>>|— - 
IN4 — [T 1>> 



IN5-.[7 [> 



IN6 
IN7 



16]— C 



GND [8 



25]-^ 02 
24l-»03 



13]— 04 
1-05 

TT|— 06 

lO]— 07 



-T]— ♦ COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



20 k 

INPUT o->| — ^A^- 




^ GND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : a 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 1-40 


V 


Ic 


Collector current per channel 


Transistor ON 


400 


mA 


V, 


Input voltage 




-40 — 1-40 


V 


'f(D) 


Clamp diode forward current 




400 


mA 


Vr(D) 


Clamp diode reverse voltage 




40 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




—55 — 1-125 


"C 



2-154 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54531P 



7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




40 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 
less than S% 


0 




400 


nnA 


Percent duty cycle 
less than 30% 


0 




200 


V,H 


"H" Input voltage 


lc=400mA 


9 




35 


V 


lc=200mA 


6 




35 


V.L 


"L" Input voltage 


lo(leak)=50/^A 


0 




1 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75r. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


lcEo=100//A 


40 






V 


VcE(sat) 


Output saturation voltage 


Vi=9V, lc=400mA 




1.3 


2.4 


V 


V|=6V, lc=200mA 




1 


1.6 


li 


Input current 


V|=18V 




0. 85 


1.8 


nnA 


V|=35V 




2.0 


3.8 


Ir 


Input leakage current 


V|=-35V 






—20 


juA 


Vf(D) 


Clamp diode forward voltage 


lF(D)=400mA 




1.5 


2.4 


V 


Vr(D) 


Clamp diode reverse voltage 


Ir(d)=100a^A 


40 






V 




DC forward current gain 


VcE=4V. lc=300mA, Ta=25°C 


1000 


3500 







* : Typical values are at Ta=25°C . 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 



OUTPUT CURRENT 
CHARACTERISTICS 




< 

E 















n — 

/ 


1 






VcE 


=4V 




1 










Ta =75 

Ta =25 


°C 




i 










T 


a =-2 


or 










































































J 




J 


/ 



AMBIENT TEMPERATURE Ta(°C) 
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o 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 r 




3 

o 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 T 




• The current is 
shown by the 
value per output 

• Repetitive ' 
Frequency 
^lOHz — 

• The number in 
O is the number 
of outputs conducting 
simultaneously 



20 



40 



DUTY CYCLE {%) 



DUTY CYCLE {%) 



DC CURRENT GAIN 
CHARACTERISTICS 
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VcE 


=4\ 


1 


























=71: 


°r 






^ 
















— =25°C 


// 


t- 
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a — 
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c 
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DESCRIPTION 

The M54532P, 4-channel sink driver, consists of 8 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 50V 

• High output sink current to 1 . 5A 

• Integral diodes for transient suppression 

• Wide operating temperature range (Ta =— 20~+75°C ) 

APPLICATION 

Relay and printer driver, Display driver 
FUNCTION 

The M54532P is comprised of eight NPN darlington driver 
pairs with 340 H series input resistors. Each output has a 
diode for inductive load transient suppression and the 
cathodes of the diodes are connected to pin 8 . The outputs 
are capable of sinking 1.5A and will withstand 50V in the 
OFF state. 



PIN CONFIGURATION (TOP VIEW) 



COMMON COM — »• P" 



OUTPUT 0 1 
INPUT IN 1 



GND 
INPUT IN 2 
OUTPUT 0 2 



[!-(> 

GND |T 



COMMON COM |T- 



1 
1 



L4.M] 

13] GND 



NC 

04 OUTPUT 
IN4 INPUT 



GND 

IN3 INPUT 
0 3 OUTPUT 



2] NO 



Outline 16P4 



NO : No connection 



CIRCUIT SCHEMATIC 



^COM 
^ OUTPUT 



*5.5k 


h 




3k 







ki i 



^GND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0.5~+50 


V 


Ic 


Collector current per channel 


Transistor ON 


1.5 


A 


V, 


Input voltage 




-0. 5 — hlO 


V 


•f(D) 


Clamp diode forward current 


Pulse width ^ 1 0ms, Percent duty cycle ^ 5% 


1.5 


A 


Pulse width ^ 100ms, Percent duty cycle ^ 5% 


1.25 


Vr(D) 


Clamp diode reverse voltage 




-0. 5 — h50 


V 


Pd 


Power dissipation 


Ta=25°C 


1.92 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




—55 — 1-125 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20'^+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




50 


V 


•c 


Collector current 
per channel 


Percent duty cycle 
less than A% 


0 




1.25 


A 


Percent duty cycle 
less than 18% 


0 




700 


mA 


V,H 


"H" Input voltage 


lc=1.25A 


3 




6 


V 


V,L 


"L" Input voltage 


lo(leak)=50;/A 


0 




0.4 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


lcEo=100/^A 


50 






V 


VcE(sat) 


Output saturation voltage 


li=2mA 


lc=1.25A 




1.3 


2.2 


V 


lc=700mA 




1.1 


1.7 


li 


Input current 


V|=3V 




5 


8.5 


mA 


Vf 


Clamp diode forward voltage 


If=1.25A 




1.6 


2.3 


V 


Vr 


Clamp diode reverse voltage 


Ir=100/«A 


50 






V 


hpE 


DC forward current gain 


VcE=4V, lc=lA, Ta=25°C 


800 


7000 







* : Typical values are at Ta=25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 



OUTPUT CURRENT 
CHARACTERISTICS 
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E 



o 



o 
o 



o 

o 















































VCE 


=4V 


















— Ta=7 


5°C 
20°C 
















— 
— 1 


a =^ 
a =■ 


_i 
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4.UNIT l.SA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



2.0 



"T — I — I — I — \ — \ — I — I — r— 

• The current is shown by the value per output 

• Repetitive Frequency ^lOHz | [ 

• The number in O is the number 
conducting simultaneously 



of outputs 




< 
E 



Z> 

o 
cc 
O 



O 

o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



1 I \ I I \ I I r~ 

• The current is show/n by the value per output 

• Repetitive Frequency ^10Hz-i -4- 



• The number in O is the number of outputs 
conducting simultaneously 




80 100 



DUTY CYCLE {%) 
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INPUT CHARACTERISTICS 
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DC CURRENT GAIN 
CHARACTERISTICS 




INPUT VOLTAGE V,(V) 
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6.UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



DESCRIPTION 

The M54533P, 6-channel sink driver, consists of 12 NPN tran- 
sistors to form high current gain driver pairs. 

FEATURES 

• Output breakdown voltage to 20V 

• High output sink current to 320mA 

• Integral diode for transient suppression 

• Strobe control input 

• Wide input voltage range from —25V to H-20V 

• Wide operating temperature range (Ta =— 20'-'+75°C) 

APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver 

FUNCTION 

The M54533P uses a predriver stage. Each input has a diode 
and 20kn resistor in series to allow a negative voltage input. 
All input can be controlled simultaneously by a strobe input 
at pin 1 . 

The power supply of the predrivers is connected to pin 16. 
All emitters and the substrate are connected together to pin 
8 . Each output has an integral diode for inductive load tran- 
sient suppression and the cathodes of the diodes are con- 
nected to pin 9 . 

The outputs are capable of sinking 320mA and will withstand 
20V in the OFF state. 



FUNCTIONAL TABLE 



IN 


STB 


OUT 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 

. — 

STROBE INPUT STB-*[_|_- 



16] V< 



GND 



13]— 03 
121—04 



n]— 05 

lOj— 06 
T|-*COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



20 k 

INPUT o-AMr- 




STB 
STROBE INPUT 

The diodes shown by broken line are 

parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta— 25~+75r, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — 1-20 


V 


ic 


Collector current 


Transistor ON 


350 


mA 


V, 


Input voltage 




10 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55 — hi 25 
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RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 






Typ 


Max 


Vcc 


Supply voltage 


3 




8 


V 


Vo 


Output voltage 


0 




20 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 

less than 25%, Vcc=6. 5V 


0 




300 


mA 


Percent duty cycle 

less than 65%. Vcc=6. 5V 


0 




150 


V,H 


"H" Input voltage 


lc=300mA 


7 




18 


V 


lc== 150mA 


5 




18 


V,u 


"L" Input voltage 


lo(leak)=50/^A 


0 




1 


V 


VlH(STB) 


"H" Input voltage (strobe input) 


2.4 




18 


V 


V|L(STB) 


"L" Input voltage (strobe input) 


0 




0.2 


V 


ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C. unless otherwise noted) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


Vcc=8V, V|=18V, V|(STB)=0.2V 

ICEO=100;C/A 


20 






V 


VcE(sat) 


Output saturation voltage 


Vi=7V 
V|(STB)=2.4V 


Vcc=6. 5V, fc=250mA 




0.5 


0. 85 


V 


Vcc=3V, lc= 120mA 




0.3 


0.5 


1, 


Input current 


Vcc=8V, V|=18V. V|(STB)=2. 4V 




0.8 


1.8 


mA 


Ir 


Input leakage current 


Vcc=8V, V|=-25V 






-20 


f2^ 


'l(STB) 


Strobe input current 


Vcc=8V, V|=18V (all input), V,(stb)=0. 2V 




-4 


-10 


mA 


Ir(STB) 


Strobe input leakage current 


Vcc=8V, V|=OV, V|(STB)=20V 






20 


/.A 


Vf(d) 


Clamp diode forward voltage 


If(D)= 320mA 




1.4 


2.4 


V 


Vr(D) 


Clamp diode reverse voltage 


lR(D)=100/iA 


20 


40 




V 


'cc 


Supply current 


Vcc=8V, V|=7V (all input) 
V„sTB)=2. 4V 




120 


200 


mA 




DC forward current gain 


VcE=4V, Vcc=6. 5V, lc=300mA, Ta=25°C 
V,(STB)=2. 4V 


1000 


3000 







* : Typical values are at Ta=25°C 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 




OUTPUT CURRENT 
CHARACTERISTICS 



CC 
D 
O 

CC 
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— Vc 
Vc 






V,(c 




=2.4\ 










c =o.ov, 
E=4V 


TB) = 


/ — 










Ta 
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-Ta 


= -2( 
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AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE V,(V) 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



o 
o 



o 
o 




• The number in 
O is the number 

_ of outputs conducting 
simultaneously 

• Ta=25'C 



< 
E 



O 
O 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

400 r 




Frequency 
— ^lOHz — 
• The number in' 
O is the number 

of outputs conducting. 

simultaneously. 
Ta=75lC| I 



20 



40 



Z3 
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DC CURRENT GAIN 
CHARACTERISTICS 



DUTY CYCLE {%) 




10 3 5 7 100 3 5 7 1000 

COLLECTOR CURRENT lc(mA) 
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e-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



DESCRIPTION 

The M54534P, 6-channel sink driver, consists of 12 NPN tran- 
sistors connected to form liigh current gain driver pairs. 

FEATURES 

• Output breakdown voltage to 20V 

• High output sink current to 320mA 

• Integral diodes for transient suppression 

• Strobe control input 

• Wide input voltage range from —25V to +20V 

• Wide operating temperature range (Ta = —20 — |-75°C ) 

APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver 

FUNCTION 

The M54534P uses a predriver stage. Each input has a diode 
and 1.6kn resistor in series to allow a negative voltage in- 
put. All input can be controlled simultaneously by a strobe 
input at pin 1 . 

The power supply of the predrivers is connected to pin 16. 
Each output has an integral diode for inductive load transient 
suppression and the cathodes of the diodes are connected 
to pin 9 . All emitters and the substrate are connected 
together to pin 8 . 

The outputs are capable of sinking 320mA and will withstand 
20V in the OFF state. 



FUNCTIONAL TABLE 



IN 


STB 


OUT 


L 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 

STROBE INPUT STB-^IT-i 16] Vo 



INI 
IN2 
INS 
IN4 
IN5 
IN6 
GND [¥ 



►COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 



1 .6k 
INPUT o-^/W- 




GND 



STB 
STROBE INPUT 



The diodes shown by broken line are 

parasite diodes and must not be used Unit : Q, 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5~+10 


V 


VCEO 


Output sustaining voltage 


Transistor OFF 


-0. 5~+20 


V 


Ic 


Collector current per channel 


Transistor ON 


320 


mA 


V, 


Input voltage 




-25 — 1-20 


V 


V|(STB) 


Strobe input voltage 




-0. 5 — 1-20 


V 


Vr(D) 


Clamp diode reverse voltage 




20 


V 


'f(D) 


Clamp diode forward current 




320 


mA 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55 — hi 25 





A MITSUBISHI 
ELECTRIC 



2-163 



MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54534P 



6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


3 




8 


V 


Vo 


Output voltage 


0 




20 


V 


'c 


Collector current 
per channel 


Percent duty cycle 

less than 25%, Vcc=6. 5V 


0 




300 


mA 


Percent duty cycle 

less than 65%, Vcc=6. 5V 


0 




150 


V,H 


"H" Input voltage 


lc=300mA 


3.2 




18 


V 


V,L 


"L" Input voltage 


lo(leak)=50A«A 


0 




0.7 


V 


V|H(STB) 


"H" Input voltage (strobe input) 


2.4 




18 


V 


V|L{STB) 


"L" Input voltage (strobe input) 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20-+75C, unless otherv^lse noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


Vcc=8V, V|=3. 2V, V|(STB)=0. 2V 
Iceo==100a^A 


20 






V 


VcE(sat) 


Output saturation voltage 


V|=3V 
V|(STB)=2. 4V 


Vcc=6. 5V, lc=250mA 




0.5 


0. 85 


V 


Vcc=3V, lc= 120mA 




0.3 


0.5 


li 


Input current 


Vcc=8V, V|=3. 2V, V|(STB)=2. 4V 




0.5 


1.4 


mA 


Ir 


Input leakage current 


Vcc=8V, V|=-25V 






-20 


//A 


l|(STB) 


Strobe input current 


Vcc=8V, V|=3. 2V (all input), V|{stb)=0. 2V 




-7.9 




mA 


Ir(STB) 


Strobe input leakage current 


Vcc=8V, V,=OV, V|(STB)=20V 






20 


/ufK 


Vf(D) 


Clamp diode forward voltage 


lF(D)=320mA 




1.4 


2.4 


V 


Vr(D) 


Clamp diode reverse voltage 


Ir(D)=100;UA 


20 


40 




V 


'cc 


Supply current 


Vcc=8V, V|=3.2V (all input) 
V|(STB)=2.4V 




120 


200 


mA 




DC forward current gain 


VcE=4V, Vcc=6. 5V, lc=300mA, Ta=25°C 
V|(STB)=2.4V 


1000 


3000 







* Typical values are at Ta=25°C 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 




o 
I- 
o 



o 
o 



OUTPUT CURRENT 
CHARACTERISTICS 



1 1 1 1 

Vcc =6. 5 V, V,(STB)=2.4V 
VoE=4V 








'~Ta'=75°C , 

. Ta =25r ! 














-Ta 


= -20 


c ! 


















— j- 
— 1 


















i 




































i 




















/ 











AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE V,(V) 
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6-UNIT 320mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



3 
o 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



®~(D 




DUTY CYCLE {%) 



O 
O 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



400 




• The current is 
shown by the 

.. value per output 

• Repetitive 
Frequency 
^lOHz 

" ©The number in 
O is the number 
of outputs cond ucting 

- simultaneously 

• Ta=75°C 



DUTY CYCLE {%) 



DC CURRENT GAIN 
CHARACTERISTICS 




10 3 5 7 100 3 5 7 1000 

COLLECTOR CURRENT lc(mA) 
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7-UNIT 150mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



DESCRIPTION 

The M54535P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• Output sink current to 150mA 

• Strobe input control 

• PIVIOS Compatible input 

• Wide operating temperature range (Ta =— 20~+75°C) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver. Interfacing for standard MOS/BI POLAR logics 

FUNCTION 

The M54535P uses a predriver stage. Each input has a diode 
and 20k n resistor in series to allow a negative voltage input. 
All inputs can be controlled simultaneously by a strobe input 
at pin 18. Each output has an integral diode for inductive 
load transient suppression. 

The cathodes of the diodes and the power supply of the 
predrivers are connected to pin 10. All emitters and the sub- 
strate are connected together to pin 9 . 
The outputs are capable of sinking 150mA and will withstand 
lOV in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



IN 1 - 



IN2 
INS 
IN4 
INS 
IN6 
IN7 
GND \T 



[I_=I>|^--26]->02 



Ti]'^ STB STROBE 
• INPUT 



E-=C>i 



[T^l[>^-tl3]- 05 



E-=O-[^-ilI^06 
[8pz[>|^-l3-.07 
^-lo] Vcc 



Outline 18P4 



* : Open 



FUNCTIONAL TABLE 



IN 


STB 


OUT 


L 


L 


H 


H 


L 


L 


L 


H 


H 


H 


H 


H 



CIRCUIT SCHEMATIC 

INPUT OUTPUT INPUT OUTPUT 
INI 01 IN7 07 



30k < 



-o Vc, 




= GND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vo 


Output voltage 


Transistor OFF 


-0. 5~Vcc 


V 


Ic 


Collector current 


Transistor ON 


150 


mA 


V, 


Input voltage 




-25—4-20 


V 


V|(STB) 


Strobe input voltage 




20 


V 


Vr(D) 


Clamp diode reverse voltage 




10 


V 


•f(D) 


Clamp diode forward current 




150 


mA 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 1-75 


°C 


^Tstg 


Storage temperature 




-55—1-125 


"C 
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7-UNIT 150mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



RECOMMENDED OPERATIONAL CONDITIONS da 20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


MIn 


Typ 


Max 


Vcc 


Supply voltage 


3 




8 


V 


Vo 


Output voltage 


Vcc=10V 


0 




10 


V 


Ic 


Collector current 
per ctiannel 


Percent duty cycle 
less than 65% 


0 




150 


mA 


V,H 


"H" Input voltage 


lc= 100mA 


7 




18 


V 


V,L 


"L" Input voltage 


0 




0.8 


V 


V|H(STB) 


"H" Input voltage (strobe input) 


V|=12V 


1.3 




6 


V 


V|=20V 


2.4 




6 


V|L(STB) 


"L" Input voltage (strobe Input) 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


VcE(sat) 


Output saturation voltage 


V,(STB)=0. 2V 

Vcc=6V. l|=300AiA, lc=100mA 




0.1 


0.3 


V 


V|=7V 

V„STB)=0. 2V 


Vcc=3V 
lc=100mA 




0.1 


0.3 


Vcc=8V 
lc=150mA 




0. 16 


0.5 


'o(leak) 


Output leak current 


Vcc=8V, V|=0. 8V, Vo=8V 

V„STB)=0. 2V 






50 


//A 


li 


Input current 


Vcc=8V, V,= 12V 

V|(STB)=0. 2V 




0.5 


1 


nnA 


Ir 


Input leakage current 


Vcc=8V, V|=-25V 






-20 


//A 


l|(STB) 


Strobe input current 


V|=12V, V,(STB)=2. 4V 




0.6 


3 


nnA 


Vf(D) 


Clamp diode forward voltage 


If(d)= 150mA 




1.1 


2. 1 


V 


Vr(D) 


Clamp diode reverse voltage 


lR,D)=100;aA 


10 






V 


Ice 


Supply current 


Vcc=8V, V|=12V all input 

V|(STB)=0. 2V 




120 


200 


mA 




DC forward current gain 


VcE=4V, Vcc=6V, ic= 150mA, Ta=25°C 


700 


2500 







* : Typical values are at Ta=25°C 
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7-UNIT ISOmA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



• The current is 
shown by the 
value per output 

• Repetitive 
Frequency 
^lOHz I 

• The number in 
O is the number 
of outputs cond ucting 
simultaneousiy 

• Ta=75°C I 

I I I 



®~(D 



40 



60 



AMBIENT TEMPERATURE Ta(°C) 



DUTY CYCLE {%) 




INPUT VOLTAGE V,(V) COLLECTOR CURRENT lc(mA) 



2-168 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

iVIS4536P 

7-UNIT 150mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



DESCRIPTION 

The M54536P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• Output sink current to 150mA 

• Strobe input control 

• TTL Compatible input 

• Wide operating temperature range (Ta=— 20 — |-75°C) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver. Interfacing for standard MOS/BI POLAR logics 

FUNCTION 

The M54536P uses a predriver stage. Each input has a diode 
and 20k n resistor in series to allow a negative voltage input. 
All inputs can be controlled simultaneously by a strobe input 
at pin 18. Each output has an integral diode for inductive 
load transient suppression. 

The cathodes of the diodes and the power supply of the 
predrivers are connected to pin 10. All emitters and the sub- 
strate are connected together to pin 9 . 
The outputs are capable of sinking 150mA and will withstand 
10V in the OFF state. 



FUNCTION TABLE 



IN 


STB 


OUT 


L 


L 


H 


H 


L 


L 


L 


H 


H 


H 


H 


H 



PIN CONFIGURATION (TOP VIEW) 



E 



IN3 — [T_ZD»- 

IN4 -H.[7_rQ> 



N5 -.[T_zO 



GND |T 



IN6 ->| 7|-4_LJ>j— - 
INT -> |T| ^~0 ^ 



T8]<^ STB STROBE 
' INPUT 
01 

02 

25|-^ 53 



23- 



1- 



04 
05 
Ti]-^ 06 



07 
Vcc 



Outline 18P4 



* : Open 



CIRCUIT SCHEMATIC 

INPUT OUTPUT INPUT OUTPUT 
INI 01 INT OT 



2.3k I 450 



30k 




The diodes shown by broken line are 
parasite diodes and must not be used 



o GND 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-25~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


Vo 


Output voltage 


Transistor OFF 


-0. 5~Vcc 


V 


'c 


Collector current 


Transistor ON 


150 


mA 


V, 


Input voltage 




-25 — hlO 


V 


V|(STB) 


Strobe input voltage 




20 


V 


Vr(D) 


Clamp diode reverse voltage 




10 


V 


'f(d) 


Clamp diode forward current 




150 


nnA 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20~+75 


"C 


Tstg 


Storage temperature 




-55 — 1-125 


"C 
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7-UNIT 150mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-25~+75C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




3 




8 


V 


Vo 


Output voltage 


Vcc=10V 


0 




10 


V 


'c 


Collector current 
per channel 


Percent duty cycle less than 65% 


0 




150 


mA 


V|H 


"H" Input voltage 


lc= 100mA 


3.2 




6 


V 


V,L 


"L" Input voltage 




0 




0.8 


V 


V|H(STB) 


"H" Input voltage (strobe input) 


V,=3. 5V 


1.3 




6 


V 


Vi=10V 


2.4 




6 


V|L(STB) 


"L" Input voltage (strobe input) 




0 




0.2 


V 


ELECTR 


ICAL CHARACTERISTICS (Ta=-25~+75°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


VcE(sat) 


Output saturation voltage 


V„STB)=0.2V 

Vcc=6V, l,=300//A, lc=100mA 




0. 1 


0.3 


V 


V|=3.2V 

V,(STB)=0. 2V 


Vcc=3V 
lc=100mA 




0. 1 


0.3 


Vcc=8V 
lc=150mA 




0. 16 


0.5 


'o(leak) 


Output leak current 


Vcc=8V, V|=0. 8V, Vo=8V 

V,(STB)=0.2V 






50 


/.A 


li 


Input current 


Vcc=8V, V|=3. 5V 

V,(STB)=0. 2V 




0.6 


1.2 


mA 


Ir 


Input leakage current 


Vcc=8V, V|=-25V 






-20 


-"A 


l|(STB) 


Strobe input current 


V|=3. 5V, V|(STB)=2.4V 




0.9 


3 


mA 


Vf(D) 


Clamp diode forward voltage 


If(d)= 150mA 




1.1 


2. 1 


V 


Vr(d) 


Clamp diode reverse voltage 


Ir(D)=100/^A 


10 






V 


'cc 


Supply current 


Vcc=8V, V,=3.5V (all input) 

V,(STB)=0. 2V 




120 


200 


mA 




DC forward current "gam 


VcE=4V, Vcc=6V, lc=150mA, Ta=25°C 


700 


3000 







* '. Typical values are at Ta=25°C 
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TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




< 

E 



o 



o 
o 



ALLOWABLE COLLECT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

200 r 



















































































• The current is 
shown by the 
value Der outDut. 












• Repetitive 
Frequency 
^lOHz 














• The number In 
O is the number 
of outputs conduct! 














simultaneous) 
• Ta=75lC 

1 1 















AMBIENT TEMPERATURE Ta(°C) 



DUTY CYCLE {%) 



15 
O 



o 
\- 
o 



o 
o 



Vcc =6V 
VcE =4V 

V, (STB) =0 2V 

Ta'=75t 

Ta =25 C 

Ta =-20r 



OUTPUT CURRENT 
CHARACTERISTICS 



INPUT VOLTAGE V,(V) 



Z 
< 

o 

I- 
z 



DC CURRENT GAIN 
CHARACTERISTICS 



7" 



-Vcc=6V 
~VcE=4V 



. Ta =75°C . 

Ta =25°C 

• Ta ^-20°C- 



10 3 5 7 100 3 5 7 1000 

COLLECTOR CURRENT lc(mA) 
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IVI54537P 



7.UNIT 350mA TRANSISTOR ARRAY 



DESCRIPTION 

The M54537P, 7-channel sink driver, consists of 14 NPN tran- 
sistors connected to form liigh current gain driver pairs. 

FEATURES 

• Output breakdown voltage to 20V 

• Higli output sink current to 250mA 

• PhAOS Compatible input 

• Low output saturation voltage 

• Wide operating temperature range (Ta =—20 — |-75°C) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver, Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The M54537P uses a predriver stage with 2kn series input 
resistor. The power supply of the predrivers is connected to 
pin 9 . All emitters and the substrate are connected together 
to pin 8 . The outputs are capable of sinking 250mA and will 
withstand 20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



INI - 
IN2 - 
IN 3 - 
IN 4 - 
IN5- 
IN6 - 
IN7 - 



•E— D>- 

■E— 1>- 
.[[—[>- 

•E— D>- 

■E— O- 



GND |T 



Te] -►oi 

U\ -^03 

u 

■E- 

-n]- 
-To]. 

H 



► 04 
►05 

► 06 
♦ 07 

Vcc 



Outline 16P4 




380 



-o Vcc 



INPUT 



-o OUTPUT 



-o GND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-25~+75C. unless othenA/ise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h20 


V 


Ic 


Collector current 


Transistor ON 


350 


mA 


V, 


Input voltage 




10 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — 1-75 


"C 


Tstg 


Storage temperature 




-55 — hi 25 


r 



RECOMMENDED OPERATIONAL CONDITIONS (Ta= -25-^+750. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


3 




8 


V 


Vo 


Output voltage 


0 




20 


V 


ic 


Collector current 
per channel 


Vcc=6. 5V 
Percent duty cycle 
less than 40% 


0 




250 


mA 


Vcc=6. 5V 
Percent duty cycle 
less than 65% 


0 




150 


V,H 


"H" Input voltage 


lc=250mA 


3 




6 


V 


V,L 


"L" Input voltage 


loileak)==50/^A 


0 




0.3 


V 
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ELECTRICAL CHARACTERISTICS (Ta=-25~+75C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V (BR)CEO 


Output sustaining voltage 


Vcc=8V, lcEO=100/^A 


20 






V 


VcE (sat) 


Output saturation voltage 


V|=3V 


Vcc=6. 5V, lc=250mA 




0. 28 


0.5 


V 


VcG=3V, lc= 150mA 




0. 17 


0. 35 


1, 


Input current 


Vcc=8V, V|=3. 2V 




0.7 


1.5 


mA 


Vcc=8V, V,=10V 




3.8 


7.3 


Ice 


Supply current 


Vcc=8V, V,=3. 2V 




130 


190 


mA 




DC forward current gam 


VcE=4V, Vcc=6. 5V, lc=250mA, Ta=25°C 


1000 


7000 







* Typical values are at Ta='25°C. 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 




o 
o 



OUTPUT CURRENT 
CHARACTERISTICS 

























Vc 


= =6 

n =4 


5V 




i 












^ Ta 


=75 


C 


_L 












Ta =25°C 

Ta=-20°C 


J- 
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AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE V,(V) 



< 
E 



3 
O 



o 
I- 
o 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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• The current is 
shown by the 
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IVI54538P 



7.UNIT 350mA TRANSISTOR ARRAY AND MOTOR DRIVER 



DESCRIPTION 

The M54538P, 7-channel sink driver and a motor driver, Is 
designed for use in a thermal printer. 

FEATURES 

• Output breakdown voltage to 20V 

• High output sink current to 350mA 

• Wide operating temperature range (Ta =— 20~+75°C) 

APPLICATION 

Thermal printer driver, LED or incandescent display driver, 
Interfacing for standard MOS/BI POLAR logic 

FUNCTION 

The M54538P is designed for use in a thermal printer, con- 
sisting 7-channel thermal head driver and a D-C or stepper 
motor driver. 

The output of the motor driver has a diode for inductive load 
transient suppression. 

The outputs of the sink drivers are capaple of sinking 350mA 
and will withstand 20V in the OFF state. 



PIN CONFIGUR ATION (T OP VIEW) 

INI -♦[T 



IN 2 
IN 3 
IN 4 
IN 5 



•E 
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CIRCUIT SCHEMATIC 
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The diodes shown by broken line are 
parasite diodes and must not be used 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20^+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


01 to 07 Outputs 


-0. 5 — 1-20 


V 


OM Output 


-0. 5-Vcc 


Ic 


Collector current 


Transistor ON 


350 


mA 


V, 


Input voltage 




10 


V 


If 


Clamp diode forward current 


Pulse width^35ms, Percent duty cycle^5% 


700 


mA 




350 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55 — hi 25 
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RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


3 




6 


V 


Vo 


Output voltage 


0 




20 


V 


'c 


Collector current 
per channel 


Percent duty cycle 
less than 30%, Vcc=6V 


0 




250 


mA 


Percent duty cycle 
less than 35%, Vcc=6V 


0 




170 


V,H 


"H" Input voltage 


lc=250mA 


3.2 




6 


V 


lc= 150mA 


2.4 




6 


V,L 


"L" Input voltage 


0 




0.3 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


'0 (leak) 


Input leakage current 


Vcc=6V, V|=0. 4V, VcE=20V 






50 




VcE (sat) 


Output saturation voltage 


Vcc=3. 5V, V,=3V, lc=250mA 




0. 23 


0.6 


V 


Vcc=3V, V,=2.4V, lc=150mA 




0.14 


0.4 


VoH (M) 


"H" Output voltage 
(motor driver) 


Vcc=6V, loH (M)= 250mA 


2.4 






V 




Input current 


Vcc=6V, V|=3. 2V 




0.8 


1.5 


mA 


Vcc=6V, V|=10V 




4.6 


7.3 


Vf (M) 


Clamp diode forward voltage 


lF(M)=350mA 




1.6 


3 


V 


'cc 


Supply current 


Vcc=6V, V|=3. 2V (all input) 






235 


mA 


Hfe 


DC fonvard current gain 


Vcc=5V, VcE=4V, lc=250mA, Ta=25°C 


1000 


6000 







* : Typical values are at Ta=25°C 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 
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CHARACTERISTICS 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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ALLOWABLE COLLECTOR CURRENT 
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DESCRIPTION 

The M54539P, 6-channel sink driver, consists of 12 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• Output breakdown voltage to 20V 

• High output sink current to 700mA 

• Integral diodes for transient suppression 

• Wide operating temperature range (Ta=— 20 — |-75°C) 

APPLICATION 

Relay and solenoid driver, LED or incandescent display driv- 
er, Thermal head driver 

FUNCTION 

The M54539P uses a predriver stage with 2k CI series input 
resistor. The power supply of the predrivers is connected to 
pin 16. Each output has an integral diode for inductive load 
transient suppression and the cathodes of the diodes are 
connected to pin 9 . All emitters and the substrate are con- 
nected together to pin 8 . The outputs are capable of sink- 
ing 700mA and will withstand 20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 




T| COM COMMON 



Outline 16P4 



NC No connection 



CIRCUIT SCHEMATIC 



2k 

INPUT o-AhA^ 




o GND 



The diodes shown by broken line are 
parasite diodes and must not be used 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5~+20 


V 


Ic 


Collector current 


Transistor ON 


700 


mA 


V, 


Input voltage 




10 


V 


Vr 


Clamp diode reverse voltage 




20 


V 


If 


Clamp diode forward current 


Pulse width ^35ms, Percent duty cycle ^5% 


700 


nnA 




350 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20~+75 


"C 


Tstg 


Storage temperature 




-55 — 1-125 


"C 



RECOMMENDED OPERATIONAL CONDITIONS (Ta 20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


3 


5 


7 


V 


Vo 


Output voltage 


0 




20 


V 




Collector current 


The three outputs conducting 
simultaneously 

Percent duty cycle less than 20% 


0 




700 


mA 


Ic 


per channel 


The three outputs conducting 
simultaneously 

Percent duty cycle less than 90% 


0 




200 


V,H 


"H" Input voltage 


lc=450mA 


3 




6 


V 


V,L 


"L" Input voltage 


lo(leak) ==50/^A 


0 




0.3 


V 
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ELECTRICAL CHARACTERISTICS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


Vcc=7V, lcEo=100^A 


20 






V 


VcE(sat) 


Output saturation voltage 


Vcc=5V 
V|=3V 


lc=450mA 




0. 46 


0.8 


V 


lc=200mA 




0.2 


0. 45 


1, 


Input current 


Vcc=7V, V|=3. 2V 




0. 75 


1.4 


mA 


Vr 


Clamp diode reverse voltage 


Ir=100//A 


20 






V 


Vf 


Clamp diode forward voltage 


If== 350mA 




1.5 


2.7 


V 


'cc 


Supply current 


Vcc=7V, V|=3. 2V(all input) 




190 


300 


mA 




DC forward current gam 


VcE=4V, Vcc=6V, lc=300mA, Ta=25°C 


3000 


8000 







* : Typical values are at Ta=25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 



OUTPUT CURRENT 
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DESCRIPTION 

The M54542L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 

• 9-pin single inline package with heat shink 

• Integral diodes for transient suppression 

• 1. 2A output current 

• PMOS compatible input 

APPLICATION 

Audio, video cassette recorders, Floppy disk driver 
FUNCTION 

The M54542L, full bridge motor driver, has the logic circuitry 
and darlington-pair power drivers for bidirectional control of 
D-C motors operating at currents up to 1. 2A. 
The power supplies for the logic circuitry and the drivers are 
separated so that the applied voltage to the motor can be 
controlled by the Vcc' of the driver power supply voltage. 



PIN CONFIGURATION (TOP VIEW) 



POWER SUPPLY1 


Vcci 


[I 


DRIVER POWER SUPPLY1 


Vcc'i 


1 

u 


0UTPUT1 


Oi 


-a 


INPUT1 


INi 


-{± 




GND 


II 


INPUT2 


[N2 


-El 


0UTPUT2 


O2 




DRIVER POWER SUPPLY2 


Vcc'2 


[I 


POWER SUPPLY2 


VcC2 


[i 



Outline 9P9 



01 

ro 



O 



LOGIC TRUTH TABLE 



INPUT 


OUTPUT 


NOTE 


IN1 


IN2 


O1 


O2 


L 


L 


"OFF" 
State 


"OFF" 
state 


Open 


H 


L 


H 


L 




L 


H 


L 


H 




H 


H 


"OFF" 
state 


"OFF" 
state 


Open 



CIRCUIT SCHEMATIC 



01 02 
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ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.5 — 1-16 


V 


Vcc' 


Driver voltage 




-0. 5~Vcc 


V 


V, 


Input voltage 




-0. 5~Vcc 


V 


Vo 


Output voltage 




-0. 5~Vcc+2. 5 


V 


lo(max) 


Peak output current 


top=10ms 

Repetitive cycle 0. 2Hz max 


±1200 


mA 


lo 


Continuous output current 




±330 


mA 


Pd 


Power dissipation 


Ta=60°C 


1000 


mW 


Topr 


Operating temperature 




— 10 — 1-60 


°C 


Tstg 


Storage temperature 




-55 — hi 25 


'C 



RECOMMENDED OPERATING CONDITIONS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




6 


14 


15 


V 


'o 


Continuous output current 








±300 


mA 


V,H 


"H" Input voltage 




3 


5 


Vcc 


V 


V,u 


"L" Input voltage 






0 


0.4 


V 


Toff 


Input switching interval 


It is prohibited to switch the inputs at the same time. 


10 


300 




ms 


ELECTRICAL CHARACTERISTICS (Ta=25r, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


lo(leak) 


Output leakage current 


Vcc=Vcc-20V 




Vo=20V 






100 


mA 


V,i=V,2=3V 




Vo=OV 






-100 


VoH 


"H" Output saturation voltage 


Vcc=Vcc-12V 




V|i=3V, V|2=0V 


9.7 


10.2 




V 


loH= -300mA 




Vii=OV, V|2=3V 




Vol 


"L" Output saturation voltage 


Vcc=Vcc-12V 




V|i=3V, V|2=0V 




0.9 


1.4 


V 


loL=300mA 




V|i=OV, V,2=3V 




l|H 


"H" Input current 


Vcc=Vcc-12V 


V|i=3V 






500 


juA 


V,2=3V 














V,i=3V, V|2=0V 




7 


10 




'cc 


Supply current 


Vcc = Vcc -16V 




V,i=0V, V,2=3V 




mA 




V|i=OV, V|2=0V 




0 












V|i=3V, V|2=3V 









* : A typical value at Ta=25°C. 
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AMBIENT TEMPERATURE Ta(°C) 



APPLICATION EXAMPLE 



R2=3a 



c 

lO-lOOyi/F 



INPUT 2- 



a 



Ri=2r2: 



1 



-INPUT 1 



KM 



M54542L 



Note 

1. It is prohibited to switch the both inputs simultaneously. The inputs 
should be driven separately to avoid high crossover current. 

2. The pins 1 , 9 and 2 , 8 are separated and shall be connected exter- 
nally. 
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BI-DIRECTIONAL MOTOR DRIVER WITH BRAKE FUNCTION 



DESCRIPTION 

The M54543L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 

• Wide operating voltage range (Vcc = 4 '-'16V) 

• TTL, PMOS and CMOS compatible input 

• Low output saturation voltage 

• Integral diodes for transient suppression 

• 1.2A output current 

• Braking mode input 

APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54543L, full bridge motor driver, has the logic circuitry 
and non-darlington power drivers for bidirectional control of 
D-C motors operating at currents up to 1.2A. A braking 
mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drivers are usable for motor 
speed control. 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY1 Vcci 
DRIVER POWER SUPPLY1 Vcc'l 






0UTPUT1 O2 o-fT 






INPUT1 IN, -»[T 
GND 

INPUT2 IN2 — |T 


M54543L 




0UTPUT2 Ol 0— fT 






DRIVER POWER SUPPLY2 y^^'^ ^ 
POWER SUPPLY2 Vcc2 ^ 


H 




Outline 9P9 



LOGIC TRUTH TABLE 



INPUT 


OUTPUT 


NOTE 


IN1 


IN2 


Ol 


O2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 




L 


H 


L 


H 




H 


H 


L 


L 


Braking 



CIRCUIT SCHEMATIC 





2xC 



> 





4) ® 

IN1 GND IN2 
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ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 




Vcc (1 ) 


Supply voltaQe (1 ) 




_0. 5 — 1-16 


V 


Vcc (2) 


Supply voltage (2) 


With an external heat sink (SOOOmm^X 1.5mm) 


-0. 5 — f-20 


V 


Vcc' 


Dnver supply voltage 




-0. 5 — hi 6 


V 


V| 


Input voltage 




0~Vcc 


V 


Vo 


Output voltage 




-0. 5~Vcc'+2. 5 


V 


'o(max) 


Peak output current 


top=10ms. Repetitive cycle 0. 2Hz max 


±1.2 


A 


lo (1) 


Continuous output current (1 ) 




±330 


mA 


lo (2) 


Continuous output current (2) 


With an external heat sink (3000mm^X1.5mm) 


±600 


mA 


Pd 


Power dissipation 


Ta=75'C 


1. 15 


W 


Topr 


Operating temperature 




-10 — 1-75 


"C 


Tstg 


Storage temperature 




-55 — 1-125 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta=25C unless otherwise noted) 



Symbol 


Parameter 


Conditio 




Limits 


Unit 


ns 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


15 


V 


lo 


Continuous output current 








±300 


mA 


V,H 


"H" Input voltage 




2 




Vcc 


V 


V,L 


"L" Input voltage 




0 




0.4 


V 


te 


Motor braking interval 




10 


100 




ms 


ELECTRICAL CHARACTERISTICS (Ta=25C. unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'o(leak) 


Output leakage current 


Vcc=Vcc-20V 
V|i=V,2=0V 


Vo=20V 






100 


juA 


Vo=OV 






-100 


VoH (1) 


"H" Output saturation voltage (1) 


Vcc=Vcc-12V 


Vn=2V 
V,2=0V 


loH(i)=— 300mA 


10.8 






V 


loH(i)=— 500mA 


10.7 






VoH (2) 


"H" Output saturation voltage (2) 


Vcc=Vcc-12V 


V|i=OV 
V|2=2V 


loH (2)= -300mA 


10.8 






V 


loH (2)=— 500mA 


10.7 






VoL(l) 


"L" Output saturation voltage (1) 


Vcc=Vcc-12V 


Vn=OV 
V|2=2V 


loL(i)= 300mA 






0.5 


V 


loL(i)=500mA 






0. 65 


Vn=Vi2=2V 






0. 65 


Vol (2) 


"L" Output saturation voltage (2) 


VcG=Vcc-12V 


Vn=2V 
V|2=0V 


loL(2)=300mA 






0.5 


V 


loL(2)=500mA 






0. 65 


Vn=V,2=2V 






0. 65 


l|H (1) 


"H" Input current (1) 


Vcc=Vcc -12V, Vn=2V, V,2=0V 


70 




200 


/uA 


l|H (2) 


"H" Input current (2) 


Vcc=Vcc -12V, V|i=OV, V,2=2V 


70 




200 


/uA 


'cc 


Supply current 


Vcc=Vcc'=16V 


V|i=2V, V|2=0V 






40 


mA 


Vii=OV, V|2=2V 


V|i=V|2=2V 






60 


V|i=V|2=0V 




0 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 
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APPLICATION EXAMPLES 

1) Motor speed control by Vcc and Vcc' 



10-100//F 



INPUT 2 ^ 



R2=3n 

— vw — 



Ri=2ni 



rii rh liTm m m lii m 



INPUT 1 



M54543L 



AMBIENT TEMPERATURE Ta(°C) 



2) Motor speed control by the Vcc' 



Note 

When the Vcc' is lower than the Vcc. the current will flow from the Vcc 
to the Vcc' and may drive the motor. 

The M54544L may be recommended to have the wider control voltage 
range of the Vcc'- 



Vcc o- 



Czjr 
WIO/^F 



INPUT 2o- 



2n 



IT 



! 



10~100;t/F 



fti rti m r6i"f^ m m f2i m 



INPUT 1 



M54543L 



3) Motor speed control by the Vcc 



Vcc' o- 



l-lO/zF 
INPUT 2 o- 



IG-IGG/^F 



2n 



rti fti fti m ft] Itl Itl 



Czz 



INPUT 1 



M54543L 
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DESCRIPTION 

The M54543AL, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 



Wide operating voltage range (Vcc = 4 ~16V) 

TTL, PMOS and CMOS compatible input 

Low output saturation voltage 

Integral diodes for transient suppression 

1. 5A output current 

Braking mode input 

Internal thermal shutdown protection 



APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54543AL, full bridge motor driver, has the logic circuit- 
ry and quasi-darlington power drivers for bidirectional con- 
trol of D-C motors operating at currents up to 1.5A. A brak- 
ing mode by switching the both inputs high may make easier 
to control the motor. The both of the separated power sup- 
plies for the logic circuitry and the drivers are usable for 
motor speed control. 



PIN CONFIGURATION (TOP VIEW) 



POWER SUPPLY1 Vcci 

DRIVER POWER SUPPLY1 Vcc'l 

OUTPUT2 ~ 
INPUT1 

POWER SUPPLY2 
0UTPUT1 
DRIVER POWER SUPPLY2 

INPUT2 Vcc2 




Outline 9P9 



LOGIC TRUTH TABLE 



INPUT 


OUTPUT 


NOTE 


INi 


IN2 


O1 


O2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 




L 


H 


L 


H 




H 


H 


L 


L 


Braking 



BLOCK DIAGRAM 




02 

-CD- 



01 



S 

So 

OCI- 
UJD 
II 
H(0 



CONTROL 
CIRCUIT 



Vcc'2 




Vcc2 
(9 



-(4> 
IN1 



-(5>- 
GND 



-(6> 
IN2 
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ABSOLUTE MAXIMUM RATINGS (Ta=25C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 




Supply voltage (1 ) 




—0. 5 — 1-16 


V 


VcC(2) 


Supply voltage (2) 


With an external heat sink (3000mm^X1.5mm) 


-0. 5 — 1-20 


V 


Vcc' 


Driver supply voltage 




-0. 5 — hi 6 


V 


V, 


Input voltage 




0~Vcc 


V 


Vo 


Output voltage 




— 0.5~Vcc'+2.5 


V 


'o(max) 


Peak output current 


top=10ms Repetitive cycle 0. 2Hz max 


±1.5 


A 


jod) 


Continuous output current (1 ) 




±330 


mA 


lo(2) 


Continuous output current (2) 


With an external heat sink (SOOOmm^X 1.5mm) 


±600 


mA 


Pd 


Power dissipation 


Ta=75°C 


1. 15 


W 


Topr 


Operating temperature 




-10 — h75 


"C 


Tstg 


Storage temperature 




-55~H-125 





RECOMMENDED OPERATING CONDITIONS (Ta=25C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


15 


V 


lo 


Continuous output current 








±300 


mA 


V,H 


"H" Input voltage 




2 




Vcc 


V 




"ll" Input voltage 




0 




0.4 


V 


te 


Motor braking interval 




10 


100 




ms 


Tj(shut) 


Thermal shutdown temperature 


Junction temperature, Vcc^7V 




150 




°C 



ELECTRICAL CHARACTERISTICS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage current 


Vcc = Vcc -20V 
V|i=V|2=0V 


Vo=20V 






100 


juA 


Vo=OV 






-100 


VoH (1) 


"H" Output saturation voltage (1) 


Vcc=Vcc-12V 


Vn=2V 
V|2=0V 


loH(i)= -200mA 


10.8 






V 


loH (1)=— 500mA 


10.7 






VqH (2) 


"H" Output saturation voltage (2) 


Vcc=Vcc-12V 


V|i=OV 
V|2=2V 


loH (2)= -200mA 


10.8 






V 


loH (2)= -500mA 


10.7 






VoL(l) 


"L" Output saturation voltage (1) 


Vcc==Vcc-12V 


V|i=OV 
V|2=2V 


loL(i)=200mA 






0.5 


V 


loL(i)=500mA 






1.35 


V|i=V|2=2V 






1.35 


Vol (2) 


"L" Output saturation voltage (2) 


Vcc=Vcc-12V 


V|i=2V 
V|2=0V 


loL (2)=200mA 






0.5 


V 


loL (2)=500mA 






1.35 


Vn=V,2=2V 






1.35 


l|H (1) 


"H" Input current (1) 


Vcc=Vcc -12V, Vn=2V, V,2=0V 


50 




120 


/uA 


l|H (2) 


"H" Input current (2) 


Vcc=Vcc -12V, V|i=OV, V|2=2V 


50 




120 


juA 


'cc 


Supply current 


Vcc=Vcc-16V 


V|i=2V, V|2=0V 






20 


mA 


Vn=OV, V|2=2V 


Vn=V,2=2V 






20 


Vn=V|2=0V 






4 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 
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APPLICATION EXAMPLES 

1) Motor speed control by Vcc and Vcc' 



10-1 00// F 



INPUT 2 <^ 



R2=3n 
+ 



Ri=2n5 



INPUT 1 



M54543AL 



2) Motor speed control by the Vcc 



Note 

When the Vcc' is lower than the Vcc. the current will flow from the Vcc 
to the Vcc' and may drive the motor. 

The M54544AL may be recommended to have the wider control voltage 
range of the Vcc'. 



Vcc o- 
1~10//F 



INPUT 2 o- 



2n 



7tr rk 



^10-1 00// F 



f9i m Ft! i t! m rti iti rii 



M54543AL 



3) Motor speed control by the Vcc 



1-10//F 



Vcc'o- 

10~100//F 
INPUT 2 o- 



2n 



m m m fei 



INPUT 1 

o 



m f2i m 



M54543AL 
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DESCRIPTION 

The M54544L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 



Wide operating voltage range (Vcc= 4 ~16V) 
TTL, PMOS and CMOS compatible input 
Low output saturation voltage 
Integral diodes for transient suppression 
1 . 2A output current 
Braking mode input 



APPLICATION 

Audio, video cassette recorders 

FUNCTION 

The M54544L, full bridge motor driver, has the logic circuitry 
and non-darlington power drivers for bidirectional control of 
D-C motors operating at currents up to 1.2A. A braking 
mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drivers are usable for motor 
speed control. The power supply for the predrlver is con- 
nected with the driver power supply to have a wider control 
range of motor supply voltage. 

LOGIC TRUTH TABLE 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY1 Vcci [T 
DRIVER POWER SUPPLY1 Vcc'l fT 






0UTPUT2 O2 






'NPUT1 






GND [7 






INPUT2 IN2-^[T 


p 




0UTPUT1 0, ^["y 






DRIVER POWER SUPPLY2 Vcc'2 [T 






POWER SUPPLY2 Vcc2 ^ 




Outline 9P9 



Input 


Output 


Note 


IN1 


IN2 


O1 


O2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 




L 


H 


L 


H 




H 


H 


L 


L 


Braking 
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ABSOLUTE MAXIMUM RATINGS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc (1) 


Supply voltage (1) 




-0. 5~+16 


V 


Vcc (2) 


Supply voltage (2) 


With an external heat sink (3000mm^X1. 5mm) 


-0. 5 — 1-20 


V 


Vcc' 


Driver supply voltage 




-0.5 — hie 


V 


V| 


Input voltage 




0~Vcc 


V 


Vo 


Output voltage 




-0. 5~Vcc'+2. 5 


V 


'o(max) 


Peak output current 


top=10ms. Repetitive cycle 0. 2Hz max 


±1.2 


A 


'o (1) 


Continuous output current (1 ) 




±330 


mA 


lo(2) 


Continuous output current (2) 


With an external heat sink {3000mm^X1. 5mm) 


±600 


mA 


Pd 


Power Dissipation 


Ta=75°C 


1.15 


W 


Topr 


Operating temperature 




-10 — h75 


°C 


Tstg 


Storage temperature 




-55—1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


15 


V 


'o 


Continuous output current 








±300 


nnA 


V,H 


"H" Input voltage 




2 




Vcc 


V 


V,L 


"L" Input voltage 




0 




0.4 


V 


tB 


Motor braking interval 




10 


100 




ms 


ELECTRICAL CHARACTERISTICS (Ta=25C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


lo(leak) 


Output leakage current 


Vcc=Vcc-20V 
Vii=V|2=0V 


Vo=20V 






100 




Vo=OV 






-100 


VoH (1) 


"H" Output saturation voltage (1) 


Vcc=Vcc-12V 


Vii=2V 
Vi2=0V 


loH (1)=— 300mA 


10.8 






V 


loH (1)=— 500mA 


10.7 






VoH (2) 


"H" Output saturation voltage (2) 


Vcc=Vcc-12V 


V|2=2V 


loH (2)= -300mA 


10.8 






V 


Iqh (2)=— 500mA 


10.7 






VoLd) 


"L" Output saturation voltage (1) 


Vcc=Vcc'=12V 


V,i=OV 
V|2=2V 


loL(i)=300mA 






0.5 


V 


loL(i)=500mA 






0. 65 


V,i=V|2=2V 






0. 65 


Vol (2) 


"L" Output saturation voltage (2) 


Vcc=Vcc-12V 


V,i=2V 
V|2=0V 


loL(2)=300mA 






0.5 


V 


loL(2)=500mA 






0. 65 


V,i=V|2=2V 






0. 65 


llH(l) 


"H" Input current (1 ) 


Vcc=Vcc -12V , V|i=2V . V|2=0V 


70 




200 




l|H (2) 


"H" Input current (2) 


Vcc=ycc -12V , V|i=OV . V,2=2V 


70 




200 




Ice 


Supply current 


Vcc=Vcc-16V 


Vn=2V , Vi2=0V 






30 


mA 


V|i=OV, V,2=2V 


Vn=V,2=2V 






60 


V|i=Vi2=0V 




0 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



C3 § 



o 

UJ rz 

3 o 



-2501)2X1. 5inm(t) — 
ALUMINUM HEAT SINK 



FREE AIR 



50 



75 



100 



APPLICATION EXAMPLES 



1) Motor speed control by Vcc and Vcc' 



R2=3n 

Vb O T VS/V 



10~100//F 



INPUT 2 o- 



Vcc2, 



Ri=2n : 



Vcc'i 



INPUT 1 



M54544L 



AMBIENT TEMPERATURE Ta(°C) 



2) Motor speed control by the Vcc 



Vcco- 

Cife' 
10~100//F 



INPUT 2 o- 



Vcc'2 



2Q_ 

\ r^Mr 



VcC2 



1~10//F 



m m m m 



INPUT 1 

o 



Vcci 



r3i m m 



M54544L 
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DESCRIPTION 

The M54544AL, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 

• Wide operating voltage range (Vcc= 4 ~16V) 

• TTL, PMOS and CMOS compatible input 

• Low output saturation voltage 

• Integral diodes for transient suppression 

• 1. 5A output current 

• Braking mode input 

• Internal thermal shutdown protection 

APPLICATION 

Audio, video cassette recorders 

FUNCTION 

The M54544AL, full bridge motor driver, has the logic circuit- 
ry and quasi-darlington power drivers for bidirectional con- 
trol of D-C motors operating at currents up to 1.5A. A brak- 
ing mode by switching the both inputs high may make easier 
to control the motor. The both of the separated power sup- 
plies for the logic circuitry and the drivers are usable for 
motor speed control. The power supply for the predriver is 
connected with the driver power supply to have a wider con- 
trol range of motor supply voltage. 



PIN CONFIGURATION (TOP VIEW) 














POWER SUPPLY1 


Vcci 


[T 




H 




DRIVER POWER SUPPLY1 


Vcc'i 


[I 






0UTPUT2 


O2 










tNPUTI 


IN1 






M5 






GND 


E 




4544i 




POWER SUPPLY2 


IN2 


-E 




r 




DRIVER POWER SUPPLY2 


0, 


-E 








0UTPUT1 


Vcc'2 


E 




0 




INPUT2 


Vcc2 


E 
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LOGIC TRUTH TABLE 



Input 


Output 


Note 


IN1 


IN2 


O1 


O2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 




L 


H 


L 


H 




H 


H 


L 


L 


Braking 



BLOCK DIAGRAM 



<2)-. 



O2 Ol 

— ®- 



Voc2 

-<2> 



CONTROL 
CIRCUIT 



<4) ^ (6>- 

IN, - GND IN2 



I— i-r SHUTDOWN J-^^ WV-J ^ 
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ABSOLUTE MAXIMUM RATINGS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc (1) 


Supply voltage (1) 




-0. 5 — hie 


V 


VcC (2) 


Supply voltage (2) 


With an external heat sink (3000mm^X1.5mm) 


-0. 5 — h20 


V 


Vcc' 


Driver supply voltage 




-0. 5 — hie 


V 


V, 


Input voltage 




0~Vcc 


V 


Vo 


Output voltage 




-0. 5~Vcc'+2. 5 


V 


'o(max) 


Peak output current 


Repetitive cycle 0. 2Hz max 


±1.5 


A 


lod) 


Continuous output current (1 ) 




±330 


vnA 


lo(2) 


Continuous output current (2) 


With an external heat sink (3000mm^X1.5mm) 


±600 


mA 


Pd 


Power Dissipation 


Ta=75°C 


1.15 


W 


Topr 


Operating temperature 




-10 — h75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 


"C 



RECOMMENDED OPERATING CONDITIONS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


15 


V 


lo 


Continuous output current 








±300 


mA 


V,H 


"H" Input voltage 




2 




Vcc 


V 




"L" Input voltage 




0 




0.4 


V 


te 


Motor braking interval 




10 


100 




ms 


Tj(shut) 


Thermal shutdown temperature 


junction temperature, Vcc^7V 




150 







ELECTRICAL CHARACTERISTICS (Ta=25r. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


lo(leak) 


Output leakage current 


Vcc=Vcc-20V 
Vn=V|2=0V 


Vo=20V 






100 


juA 


Vo=OV 






-100 


VoH (1) 


"H" Output saturation voltage (1) 


Vcc=Vcc-12V 


V|i=2V 
V|2=0V 


loH(i)= -200mA 


10.8 






V 


loH{i)=— 500mA 


10.7 






VoH (2) 


"H" Output saturation voltage (2) 


Vcc=Vcc-12V 


V|i=OV 
V|2=2V 


loH (2)=— 200mA 


10.8 






V 


loH (2)=— 500mA 


10.7 






VoLd) 


"L" Output saturation voltage (1) 


Vcc=Vcc'=12V 


Vii=OV 
V,2=2V 


loL(i)=200mA 






0.5 


V 


loL(i)=500mA 






1.35 


V,i=V,2=2V 






1.35 


Vol (2) 


"L" Output saturation voltage (2) 


Vcc=Vcc-12V 


Vii=2V 
V,2=0V 


loL(2)==200mA 






0.5 


V 


loL(2)=500mA 






1.35 


V,i=V,2=2V 






1.35 


l|H (1) 


"H" Input current (1) 


Vcc=Vcc -12V , V|i=2V , V|2=0V 


50 




120 


UA 


l|H (2) 


"H" Input current (2) 


Vcc=Vcc'=12V , V|i=OV , V|2=2V 


50 




120 


mA 


'cc 


Supply current 


Vcc=Vcc-16V 


V|i=2V, V|2=0V 






15 


mA 


V|i=OV, V,2=2V 


Vn=V|2=2V 






20 


V|i=V|2=0V 






4 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 




APPLICATION EXAMPLES 

1) Motor speed control by Vcc and Vcc' 



R2=3n 

T — wv- 



cijr 

10-100;t/F 



INPUT 2 o- 



Vcc2 j 



Ri=2n| 



Vcc'2 



Vcc'i 



[t] m [j] r&i"r^ rti r1i rti 



INPUT 1 



M54544AL 



AMBIENT TEMPERATURE Ta(°C) 



2) Motor speed control by the Vcc' 



Vcc o- 



2Cl 



INPUT 2 o- 



VcC2 



C2r + 



I 



^10~100//F 



m rti m iti 



INPUT 1 



Vcci 



m m fti 



M54544AL 
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DESCRIPTION 

The M54545L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 

• Wide operating voltage range (Vcc = 3 ^-IGV) 

• Low output saturation voltage 

• Integral diodes for transient suppression 

• 1 . 2A output current 

• Braking mode input 

• Low standby current 

APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54545L, full bridge motor driver, has the logic circuitry 
and the quasi-darlingtbn power driver for bidirectional con- 
trol of D-C motors operating at currents up to 1.2A. A brak- 
ing mode by switching the both inputs high may make easier 
to control the motor. The power supplies for the logic circuit- 
ry, the predrivers and the power drivers are separated so 
that the application circuit with the M54545L can be easily 
optimized for lower power consumption. 

LOGIC TRUTH TABLE 



Input 


Output 


Note 


INi 


IN2 


O1 


O2 


Ib 


L 


L 


"OFF" 
state 


"OFF" 
state 


H 


Off 


H 


L 


H 


L 


H 




L 


H 


L 


H 


L 




H 


H 


L 


L 


H 


Braking 



PIN CONFIGURATION (TOP VIEW) 


EXTERNAL DRIVER 


Ib 


E 








DRIVER POWER SUPPLY 


Vcc' 


E 






0UTPUT2 


O2 ^ 


II 








INPUT1 


INi -» 


E 










GND 


[I 




ik 




INPUT2 


IN2 -» 


II 




5L 




0UTPUT1 


O1 ^ 


E 








PREDRIVER SUPPLY 


Vr 


E 




ro 




POWER SUPPLY 


Vcc 


E 






Outline 
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CIRCUIT SCHEMATIC 




IN1 GND IN2 
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ABSOLUTE MAXIMUM RATINGS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — hie 


V 


Vr 


Predriver supply voltage 




-0. 5 — hl6 


V 


Vcc' 


Driver supply voltage 




-0. 5~+16 


V 


V| 


Input voltage 




0~Vcc 


V 


Vo 


Output voltage 




-0. 5~Vcc'+2. 5 


V 


'o(max) 


Peak output current 


top=10ms Vcc^SV : Repetitive cycle 0. 2Hz max 


±1.2 


A 


lo 


Continuous output current 




±330 


mA 


Pd 


Power dissipation 


Ta=75°C 


1. 15 


W 


Topr 


Operating temperature 




-10 — 1-75 


"C 


Tstg 


Storage temperature 




-55 — 1-125 


"C 



RECOMMENDED OPERATING CONDITIONS (t a=25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 




Limits 


Unit 




Mm 


Typ 


Max 


Vcc 


Supply voltage 




3 


12 


15 


V 


lo 


Continuous output current 








±200 


mA 


V,H 


"H" Input voltage 




3 




Vcc 


V 


V,u 


"L" Input voltage 




0 




0.4 


V 


te 


Motor braking interval 




10 


100 




nns 


ELECTRICAL CHARACTERISTICS (Ta=25C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


lo(leak) 


Output leakage current 


Vcc=Vr=Vcc-16V 


Vo=16V 






100 


mA 


V|,=V|2=0V 


Vo=OV 






-100 


VoH (1) 


"H" Output saturation voltage (1) 


Vcc=Vr=Vcc'=12V 


Vii=3V, V,2=0V 


10.8 






V 


VoH (2) 


"H" Output saturation voltage (2) 


loH=^200mA 


Vii=OV, V,2=3V 


10.8 






V 


VoL(l) 


"L" Output saturation voltage (1) 


Vcc=Vr=Vcc-12V 


Vn=OV, V,2=3V 






0.4 


V 


loL(i)=200mA 


Vn=3V, V,2=3V 






Vol (2) 


"L" Output saturation voltage (2) 


Vcc=Vr=Vcc'=12V 


Vii=3V, V|2=0V 






0.4 


V 


loL(2)=200mA 


Vii=3V, V,2=3V 






l|H (1) 


"H" Input current (1) 


Vcc=Vr=Vcc-12V 


V|i=3V, V|2=0V 






700 


juA 


l|H (2) 


"H" Input current (2) 


Vcc=Vr=Vcc'=12V 


Vn=OV, V|2=3V 






700 


juA 








Vii=OV, V|2=0V 






5 




Ice 


Supply current 


Vcc=Vr=Vcc'=12V 


Vii=3V, V,2=0V 






10 


mA 








Vn=OV, V|2=3V 








Ib 


Ib Output current 


Vcc=^Vr=Vcc -12V, V|B=12V, V,i=OV, V,2=3V 


1.0 




15.0 


mA 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



^6 



Hi 



z 4 
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> CO 

I §2 





















ALU 


2 

MINL 


IM H 


EAT 


SINK 
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AIR 



































0 25 50 75 100 

AMBIENT TEMPERATURE Ta(°C) 

2) Motor speed control by the Vr and Vcc 



APPLICATION EXAMPLES 

1) Motor speed control by Vcc and Vcc' 



R2=3n 

Vgo — • 



10~100//F 
INPUT2 ^- 



Ri=2n : 



[9] fsf^ftl 



INPUT 1 



Vcc' 

[31 It] m 



M54545L 



3) Motor speed control by the Vcc' 



1~10//F 



INPUT20- 



2fi 



jti m m rei 



Vcc' 
— o 



Czz 



10~ldO//F 1~10//F 

INPUT! 
o INPUT 2 o- 



141 m m m 



M54545L 



[9] m m 



~i6i rii ii^ 



2n 



10-100;tzF 

INPUT 1 



m r?i m 



M54545L 



4) Motor speed control by the Vr and Vcc' 



5) Motor speed control by the Vr 



Vcc o- 



1-10//F ' 



C l-lO/zF 



INPUT 2 o- 



2Qi 



10-1 00/^ f1 



fiirsnrTifBiiiiriifiif^m 



INPUT 1 



C2iz: 

1~10//F 



INPUT 2 o- 



M54545L 



+ 



+ 



rti rt i [7 1 r6 i"f^ iti di m 



2a 



+ 



-oVc. 



10~100a^F 

INPUT 1 



M54545L 
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BI-DIRECTIONAL MOTOR DRIVER WITH BRAKE FUNCTION 



DESCRIPTION 

The M54546L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor control. 

FEATURES 



Wide operating voltage range (Vcc= 4 ~16V) 

TTL, PMOS and CMOS compatible input 

Low output saturation voltage 

Integral diodes for transient suppression 

Small single inline package 

Braking mode input 



APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54546L, full bridge motor driver, has the logic circuitry 
and non-darlington power drivers for bidirectional control of 
D-C motors operating at currents up to 700mA. A braking 
mode by switching the both inputs high may make easier to 
control the motor. The both of the separated power supplies 
for the logic circuitry and the drivers are usable for motor 
speed control. The power supply of the predriver is con- 
nected with the driver power supply to have a wider control 
range of motor supply voltage. 

LOGIC TRUTH TABLE 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY1 Vcc'l 






DRIVER POWER SUPPLY1 Vqci 






0UTPUT2 02 <*- [T 
INPUT1 INi ^ 
GND ^ 
GND 

INPUT2 IN2 [T 
0UTPUT1 0, <- [T 


M54546L 




DRIVER POWER SUPPLY2 Vcc'2 fT 






POWER SUPPLY2 Vcc2 [l£ 






Outline 10P5 



INPUT 


OUTPUT 


NOTE 


IN1 


IN2 


Oi 


O2 


L 


L 


"OFF" 
state 


"OFF" 
state 


Open 


H 


L 


H 


L 




L 


H 


L 


H 




H 


H 


L 


L 


Braking 
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ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — hi 6 


V 


Vcc' 


Driver supply voltage 




-0. 5 — 1-16 


V 


V, 


Input voltage 




O-^Vcc 


V 


Vo 


Output voltage 




-0.5~Vcc'+2.5 


V 


'o(max) 


Peak output current 


top=10nis: Repetitive cycle 0.2Hz max 


±700 


mA 


'o 


Continuous output current 




±150 


~ nnA 


Pd 


Power dissipation 


Ta=75°C 


600 


mW 


Topr 


Operating temperature 




-10~-h75 


°C 


Tstg 


Storage temperature 




-55~H-125 





RECOMMENDED OPERATING CONDITIONS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


15 


V 


lo 


Continuous output current 








±100 


mA 


V,H 


"H" Input voltage 




2 




Vcc 


V 


V,L 


"L" Input voltage 




0 




> 0.4 


V 


tB 


Motor braking interval 




10 


100 




ms 


ELECTRICAL CHARACTERISTICS (Ta=25C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o(leak) 


Output leakage current 


Vcc=Vcc-20V 
V,i=Vi2=2V 


Vo=20V 






100 


juA 


Vo=OV 






-100 


VoH(l) 


"H" Output saturation voltage (1 ) 


Vcc=Vcc-12V 


V,i=2V 
V,2=0V 


loH (1)=— 50mA 


11.0 






V 


loH (1)==- 100mA 


10.9 






Vqh (2) 


"H" Output saturation voltage (2) 


Vcc=Vcc-12V 


V|i=OV 
V|2=2V 


loH (2)=— 50mA 


11.0 






V 


loH (2)=— 100mA 


10.9 






VoL(l) 


"L" Output saturation voltage (1) 


Vcc=Vcc'=12V 


Vn=OV 
V|2=2V 


loL{i)=50mA 






0.3 


V 


loL(i)= 100mA 






0. 35 


Vn=V,2=2V 






0. 35 


Vol (2) 


"L" Output saturation voltage (2) 


Vcc=Vcc-12V 


V|i=2V 
V|2=0V 


loL(2)=50mA 






0.3 


V 


loL(2)=100mA 






0. 35 


V,i=V|2=2V 






0. 35 


l|H (1) 


"H" Input current (1) 


Vcc=Vcc -12V, V|i=2V, V,2=0V 


70 




200 


juA 


l|H (2) 


"H" Input current (2) 


Vcc=Vcc -12V, Vn=OV, V,2=2V 


70 




200 


mA 


'cc 


Supply current 


Vcc=Vcc-16V 


V|i=2V, Vi2=0V 






30 


mA 


Vii=OV, V|2=2V 


Vii=V|2=2V 






60 


Vii=V|2=0V 




0 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



1.6 



£ 1-4 
oSl.2 

LU CO 

<z 0.8 
0- g 

0.6 

CQ Q. 
< U) 

0.4 

go 

^ 0.2 



25 



50 



75 



100 



AMBIENT TEMPERATURE Ta(°C) 



APPLICATION EXAMPLES 

1) Motor speed control by Vcc and Vcc' 



VbO- 



10~100//FII 



INPUT 2 O- 



-AA^ 

R2=3fl 



Ri=2n - 



Vcc'i 



-O INPUT 1 



M54546L 



o 



2) Motor speed control by the Vcc' 

VncO- 



2n 



I-IOa^FIE 



INPUT 2 O- 



VcC2 



10- c:4:+ 

IOOa^F, 



Vcc'i 



HD INPUT 1 



Vcci 



M54546L 



o 
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IVI54S47P 

BI-DIRECTIONAL MOTOR DRIVER WITH OP AMP AND TRANSISTOR ARRAY 



DESCRIPTION 

The M54547P, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver and dual general purpose NPN 
darlington pairs. 

FEATURES 

• 600mA output current 
p Braking mode input 

• Integral operational amplifier at direction control input 

• Output transient suppression 

APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54547P, full bridge motor driver, has the logic circuitry 
and darlington power drivers for bidirectional control of D-C 
motors operating at currents up to 600mA. The operational 
amplifier is connected to the direction control input through 
an analog switch controlled by pin 15 input. By switching the 
INas input high and the INi input low, the output of the 
amplifier appears at the output Oi so that the voltage across 
the bridge output is altered linearly by the amplifier input. 
The internal NPN darlington pairs are capable of sinking 
300mA and will withstand 20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



ANALOG 
INPUTS 



ANALOG 
OUTPUT 



TRANSISTOR ^ 
INPUTS 



INa+-*|T 




Te] GNDi 


iKi — t, fY 










m]— 0, 


' IN,-[i 




Tl Vcci 


^ IN2 — [| 


01 


Tl VcC2 




"0 




GND2 




n]- 02 






lo|-* On 


[ INt2 —[8 




T]-- Ot2 



ANALOG 
SWCTCH 
INPUT 



POWER 
SUPPLY 

DRIVER 
POWER 
SUPPLY 



Outline 16P4 



TRANSISTOR 
OUTPUTS 



BLOCK DIAGRAM 



Vcci INas 
^ ®- 



O2 Vcc2 Oti Ot2 

-® — <^ — (^oy-^- 




GNDi Oa INi IN2 GND2 INt/ INt2 
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LOGIC TRUTH TABLE 



Input 


Output 


Note 


INas 


INi 


IN2 


O1 


O2 


L 


L 


L 


H 


H 


Braking 


L 


L 


H 


H 


L 


0 


L 


H 


L 


L 


H 


0 


L 


H 


H 


L 


L 


Braking 


H 


L 


L 


A* 


H 


Analog O 


H 


L 


H ' 


A* 


L 


Analog Q 


H 


H 


L 


L 


H 




H 


H 


H 


L 


L 


Braking 



A* 1 The output voltage is controlled by the amplifier output. 



ABSOLUTE MAXIMUM RATINGS (Ta=25C,unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcci 


Supply voltage 




-0. 5 — hi 6 


V 


VcC2 


Driver supply voltage 




-0. 5 — hie 


V 


V,,V,AS 


Input voltage 




0~Vcc 


V 


Vo 


Output voltage 




-0. 5~Vcc2+2. 5V 


V 


'op 


Peak output current 


top=10ms : Repetitive cycle 0. 2Hz max 


±600 


mA 


lo 


Continuous output current 




±150 


mA 


VcEO 


Collector-emitter applied voltage(transistor array) 




20 


V 


Ic 


Collector current(transistor array) 




300 


mA 


V| 


Input voltage (Transistor array) 




10 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Ta=60°C 


1.06 


Topr 


Operating temperature 




-10 — 1-60 


°C 


Tstg 


Storage temperature 




-55 — 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcci 


Supply voltage 




4 


12 


15 


V 


lo 


Continuous output current 








±100 


mA 


V,H 


Input voltageC motor driver) 
(iNi, IN2. INas) 




3 




Vcc 


V 


V,L 


0 




0.6 


V 


te 


Motor braking interval 




10 


100 




ms 


V,H 


Transistor array input voltage 
(INti, INt2) 




4 




10 


V 


V,L 


0 




0.6 


V 
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ELECTRICAL CHARACTERISTICS (Ta=25r, unless otherwise noted) 



Synnbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


lo(leak) 


Output leakage current(Oi, O2) 


Vcci=Vcc2=16V 
Vini=V,n2=V,as=0V 


Vo=0V 






±100 


/^A 


Vo=16V 


VoH 


"H"Output saturation voltageCOi, O2) 


Vcci=Vcc2=12V 
lo=- 150mA 


V,N1=0V, V,N2=3V 


10.3 






V 


V,N1=3V, V|N2=0V 


Vol 


"U'Output saturation voltage(Oi, O2) 


Vcci=Vcc2=12V 
lo= 150mA 


V,N1=0V, V|N2=3V 






1.2 


V 


V|N1=3V, V,N2=0V 


li 


Input currentdNi, IN2, INas) 


Vcci = 12V, V,=3V 






0.3 


mA 


lo(leak) 


Output leakage currentCOri, Ot2) 


Vo=30V, V,=0. 6V 






100 


//A 


Voc 


"L"Output saturation voltage 


V,=4V 


lc=100mA 






1.3 


V 


lc=200mA 






1.5 


1, 


Input current 


V|=4V 






0.8 


mA 


Ao 


OP Amp open-loop-gain 




40 






dB 


'cci 


Supply current 


Vcc1=12V, V|N1 = V|N2=V,AS=3V 






6 


mA 



TYPICAL CHARACTERISTICS APPLICATION EXAMPLE 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




INPUTS 



BIAS Unit • n 
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BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 



DESCRIPTION 

The M54548L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for use in a D-C 
motor control circuit. The internal operational amplifier is 
capable for controlling the voltage across the bridge outputs. 

FEATURES 

• Wide operating voltage range 

• NMOS and CMOS compatible input 

• 1 . 2A output current 

• Integral operational amplifier for output source voltage 

• Intergral diodes for transient suppression 

• Braking mode input 

APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54548L, full bridge motor driver, has the logic circuitry 
and the quasi-darlington power driver for bidirectional con- 
trol of D-C motors operating at current up to 1.2A. The in- 
puts, Si, S2 and S3, are capable to control the bridge output 
polarity and also to select the supply voltage of the predriver 
from the voltages drived by Vi, V2 or the output of the oper- 
ational amplifier. 

LOGIC TRUTH TABLE 



Input 


Output 


Driver power 
supply 


Note 


Si 


S2 


S3 


O1 


O2 


L 


L 


L 


"OFF" 
state 


"OFF" 
state 




STOP 


L 


L 


H 


H 


L 


OP AMP OUTPUT 


PLAY(+) 


L 


H 


L 


L 


H 


OP AMP OUTPUT 


PLAY(-) 


L 


H 


H 


H 


L 


V2 


FF(2) 


H 


L 


L 


L 


H 


V2 


REW( 2 ) 


H 


L 


H 


H 


L 


Vi 


FF(1 ) 


H 


H 


L 


L 


H 


Vi 


REW( 1 ) 


H 


H 


H 


L 


L 


Vs 


BRAKING 



PIN CONFIGURATION (TOP VIEW) 



0UTPUT1 




oi[r 


GND 




gnd|T" 


0UTPUT2 






OUTPUT CONTROL 
INPUT1 




Vi[r 


OUTPUT CONTROL 
1NPUT2 






POWER SUPPLY 




Vcc[r 


OP-AMP OUTPUT 




Vs(Z 


OP-AMP INPUT ( + ) 




iN(+y[r 


OP-AMP INPUT (-) 




iN(-)[r 


INPUT3 




83(10" 


1NPUT2 






INPUT1 




Sipr 



o 



CJI 

01 

00 
r 



o 



Outline 12P9 



BLOCK DIAGRAM 



INPUTS INPUT 2 INPUT 1 
S3 82 81 

-{To) (r\) (12) 



INPUT 



L. 



INPUT 



INPUT 



DECODER 



CONTROL LOGIC 



GND 




OP AMP 

— r~ 



8) lN(+) OP-AMP INPUT (+) 

9) lN(-) OP-AMP INPUT (-) 
OP-AMP OUTPUT 
OUTPUT CONTROL INPUT 1 

OUTPUT CONTROL INPUT 2 




O1 

OUTPUT 1 



POWER SUPPLY 
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ABSOLUTE MAXIMUM RATINGS (Ta =25 C, unless otherwise noted) 



Symbol 


Pdrsmeter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With an external heat sink (SOOOmm^XI.Smm*) 


-0. 5 — hi 8 


V 


V, 


Input voltage 


4 Pin, 5 Pin 


— 0. 5 — hl4or Vcc 


V 




-0. 5~Vcc 


Vo 


Output voltage 




-0. 5~Vcc+2. 5 


V 


'o(max) 


Peak output current 


top=10ms; Repetitive cycle 0. 2H2 max 


±1.2 


A 


lod) 


Continuous output current (1) 




±300 


mA 


lo(2) 


Continuous output current (2) 


With an external heat sink (SOOOmm^X 1.5mm*) 


±600 


mA 


Pd 


Power dissipation 


Ta =75°C 


1.6 


W 


Topr 


Operating temperature 




— 10 — h75 


"C 


Tstg 


Storage temperature 




-55 — 1-125 


r 



RECOMMENDED OPERATING CONDITIONS da =25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


16 


V 


'o 


Continuous output current 








±200 


mA 


V,H 


"H" Input voltage 




3 






V 


V,L 


"L" Input voltage 








1 


V 


ts 


Motor braking interval 




10 


lOG 




ms 


ELECTRICAL CHARACTERISTICS (Ta=25°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'odeak) 


Output leakage current 


Vsi=OV 
Vs2=0V 
Vs3=0V 


Vo=OV 
Vcc=Vs=20V 






-100 


/.A 


Vo=14V 
Vcc=Vs=14V 






+100 


VoH (1) 


"H" Output saturation voltage (1) 


Vcc=16V 
ViN(-)=OV 
ViN(+)=3V 


Vsi=Vs2=0V 
Vs3=3V 


loH= -200mA 


13 






V 


loH= -500mA 


12.8 






Vqh (2) 


"H" Output saturation voltage (2) 


Vcc=16V 
ViN(-)=OV 
ViN(+)=3V 


Vsi=Vs3=0V 
Vs2=3V 


loH= -200mA 


13 






V 


loH=-500mA 


12.8 






VoL(l) 


"L" Output saturation voltage (1) 


Vcc=16V 
V,N(-)=OV 
ViN(+)=3V 


Vsi=Vs3=0V 
Vs2=3V 


loL=200mA 






0.5 


V 


loL=500mA 






1.4 


Vol (2) 


"L" Output saturation voltage (2) 


Vcc=16V 
V,N(-)=OV 
ViN(+)=3V 


Vsi=Vs2=0V 
Vs3=3V 


loL=200mA 






0.5 


V 


loL=500mA 






1.4 


llH 


"H" Input current 


Vcc=16V, V|s=3V (Si, Sa, S3) 






10 


jufK 


IlL 


"L" Input current 


Vcc=16V, V|s=OV (Si, S2, S3) 






—20 


juA 


'cc 


Supply current 


Vcc=16V, Vsi=Vs2=Vs3=3V 






30 


mA 


A 


Op amp open-loop-gain 




50 






dB 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



6 











1 1 1 








AL 


JMIN 


cm' A 

UM H 


i.am 

EAT J 


SINK 


























































/ 




FREE 


E AIR 



































25 



50 



75 



100 



AMBIENT TEMPERATURE Ta(°C) 



APPLICATION EXAMPLE 



INPUT o- 



CONTROL INPUT 



|20k 



llOk 



20k I 



; 10k 



12V 



+ 

: 10-1 00// F 



M)-^10k| |lOk 




12 11 10 98 7 6 54J21[ 
Si Sz S3 IN IN Vs Vcc V2 Vi O2 GND Oi 

(-)(+) 

M54548L 



Unit n 
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BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 



DESCRIPTION 

The M54548AL, BI-DIRECTIONAL MOTOR DRIVER, con- 
sists of a full bridge power driver designed for use in a D-C 
motor control circuit. The internal operational amplifier is 
capable for controlling the voltage across the bridge outputs. 

FEATURES 

• Wide operating voltage range 

• NMOS and CMOS compatible input 

• 1 . 2A output current 

• Integral operational amplifier for output source voltage 

• Intergral diodes for transient suppression 

• Braking mode input 

• 12pin shrink single inline package with heat shink 

APPLICATION 

Audio, video cassette recorder 

FUNCTION 

The M54548AL, full bridge motor driver, has the logic cir- 
cuitry and the quasi-darlington power driver for bidirectional 
control of D-C motors operating at current up to 1.2A. The 
inputs, Si, S2 and S3, are capable to control the bridge out- 
put polarity and also to select the supply voltage of the pre- 
driver from the voltages drived by Vi, V2 or the output of the 
operational amplifier. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 1 6,* 

GND GND 
OUTPUT 2 Oz* 



E 

d 
E 

E 
E 

?=ri,"^<+'-E 

IN(-) 



OUTPUT CONTROL 
INPUT 1 

OUTPUT CONTROL 
INPUT 2 

SUPPLY VOLTAGE 

OPERATIONAL 
AMPLIFIER OUTPUT 



OPERATIONAL 
AMPLIFIER (-) 



INPUT 2 S2 
INPUT 1 S, 



*E 

s3-»[To" 



o 



oi 
01 



o 
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LOGIC TRUTH TABLE 



Inputs 


Output 


Driver power supply 
(Vcc') 


Note 


Si 


S2 


S3 


O1 


O2 


L 


L 


L 


"OFF" 
state 


"OFF" 
state 




STOP 


L 


L 


H 


H 


L 


OP-AMP OUTPUT 


PLAY( + ) 


L 


H 


L 


L 


H 


OP-AMP OUTPUT 


PLAY( — ) 


L 


H 


H 


H 


L 


V2 


FF(2) 


H 


L 


L 


L 


H 


V2 


REW( 2 ) 


H 


L 


H 


H 


L 


Vi 


FF( 1 ) 


H 


H 


L 


L 


H 


Vi 


REW( 1 ) 


H 


H 


H 


L 


L 


Vs 


BRAKING 



BLOCK DIAGRAM 



INPUTS INPUT 2 INPUT 1 

S3 S2 s, 

-(fiV 




GND O1 
GND OUTPUT 1 



8) iN(+) OP-AMP INPUT ( + ) 

9) IN(-) OP-AMP INPUT (-) 
p Vs OP-AMP OUTPUT 

4) V, OUTPUT CONTROL INPUT 1 

5) V2 OUTPUT CONTROL INPUT 2 



OUTPUT 2 POWER SUPPLY 
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M54548AL 



BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 



ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Oonditions 


RdtioQS 


Unit 


Vcc 


Supply voltage 


With external heat sink (3000mm^X1. 5mm^) 


-0. 5 — hi 8 


V 


Vi 


Input voltage 


4Pln, 5Pin 


— 0. 5—4-14 or Vcc 


V 


Other input pins 


-0. 5~Vcc 


Vo 


Output voltage 




-0. 5~ Vcc +2.5 


V 


'o(max) 


Allowable motor charge current 


top = 10ms; Repetitive cycle 0. 2 Hz max 


±1.2 


A 


•o(i) 


Continuous output current (1) 




±300 


mA 


•o(2) 


Continuous output current (2) 


With an external heat sink (3000mm2x 1.5mm') 


±600 


mA 


Pd 


Power dissipation 


Ta=75°C 


1.1 


W 


Topr 


Operating temperature 




-10 — 1-75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 


"C 



RECOMMENDED OPERATING CONDITIONS (Ta=-25C.unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


16 


V 


lo 


Output current 








±200 


mA 


V,H 


High-level input voltage 




3 






V 


V,L 


Low-level input voltage 








1 


V 


tB 


Motor braking interval 




10 


100 




ms 


ELECTRICAL CHARACTERISTICS (Ta=25C. unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


'o (leak) 


Output leakage current 


Vsi=OV 
Vs2=0V 
Vs3=0V 


Vo=OV 
Vcc=Vs=20V 






-100 


/^A 


Vo=14V 
Vcc=Vs==14V 






+100 


VoH(l) 


High-level output saturation voltage (1) 


Vcc=16V 

ViN(-)=OV 

V,N(+)=3V 


Vsi=Vs2=0V 
Vs3=3V 


loH=— 200mA 


13 






V 


loH=— 500mA 


12.8 






VoH(2) 


High-level output saturation voltage (2) 


Vcc=16V 

V,N(-)=OV 

ViN(+)=3V 


Vsi=Vs3=0V 
Vs2=3V 


loH=— 200mA 


13 






V 


loH= -500mA 


12.8 






VoLd) 


Low-level output saturation voltage (1) 


Vcc=16V 

V,N(-)=OV 

V,N(+)=3V 


Vsi=Vs3=0V 
Vs2=3V 


loL=200mA 






0.5 


V 


loL=500mA 






1.4 


VoL(2) 


Low-level output saturation voltage (2) 


VcG=16V 

V,N(-)=OV 

ViN(+)=3V 


Vsi=Vs2=0V 
Vs3=3V 


loL=200mA 






0.5 


V 


loL=500mA 






1.4 


llH 


High-level input current 


Vcc=16V, Vis=3V(Si, S2, S3) 






10 


//A 


IlL 


Low-level input current 


Vcc=16V, Vis=OV(Si, S2, S3) 






-20 


/.A 


Ice 


Supply current 


Vcc=16V, Vsi=Vs2=Vs3=3V 






30 


mA 


A 


Op-amp open loop gam 




50 






dB 
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M54548AL 



BI-DIRECTIONAL MOTOR DRIVER WITH MOTOR SPEED CONTROL 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



0 > 6 
Q. ^ 

°- o 

1 CO 













m^X 1.5mm(t) 
-ALUMINUM 
HFAT SINK 










25c 


























































/ 




-hRh 


E AIR 



































25 50 75 100 

AMBIENT TEMPERATURE Tg (°C) 



APPLICATION EXAMPLE 
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CONTROL INPUT ■{ o- 
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3 2 
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MS4549L 

DUAL BI-DIRECTIONAL MOTOR DRIVER WITH BRAKE FUNCTION 

AND THERMAL SHUT DOWN FUNCTION 



DESCRIPTION 

The M54549L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of the two full bridge power designed for use in are two D- 
C motors control circuit. 

FEATURES 

• Two separated full bridge driver (only one circuit can 
be switched by the Se input) 

• Wide operating voltage range (Vcc=4--16V) 

• TTL, PMOS. CMOS outputs, capable of direct drive 

• Low output saturation voltage 

• Built-in clamp diode 

• Large output drive current (lo(max)=±2A) 

• Braking mode input 

• Internal thermal shutdown protection 

APPLICATION 

Audio tape-deck player, radio/cassette player, VTR, Home- 
use equipment 

FUNCTION 

The M54549L, two-full bridge motor driver, has the logic 
circuitry and the quasi-darlington power driver for bi- 
directional control of two D-C motors operating at current 
up to 2.0A. 

The input Se selects one of the bridges and Si, S2 deter- 
mine the output polarity. 



PIN CONFIGURATION (TOP VIEW) 



0UTPUT1 

POWER SUPPLY1 
DRIVER POWER 
SUPPLY1 

0UTPUT2 

SELECT INPUT 
INPUT1 
INPUT2 

OUTPUTS 
DRIVER POWER 
SUPPLY2 
POWER SUPPLY2 
0UTPUT4 
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LOGIC TRUTH TABLE 



Input 


Output 


Note 


Se 


Si 


S2 


O1 


O2 


O3 


04 


Output Oi,02 


Output O3, 04 


0 


0 


0 


OFF 


OFF 


OFF 


OFF 


OPen 


Open 


0 


1 


0 


1 


0 


OFF 


OFF 




Open 


0 


0 


1 


0 


1 


OFF 


OFF" 




Open 


0 


1 


1 


0 


0 


OFF 


OFF 


Braking 


Open 


1 


0 


0 


OFF 


OFF 


OFF 


OFF 


Open 


Open 


1 


1 


0 


OFF 


OFF 


1 


0 


Open 




1 


0 


1 


OFF 


OFF 


0 


1 


Open 




1 


1 


1 


OFF 


OFF 


0 


0 


Open 


Braking 
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MITSUBISHI BIPOLAR DIGITAL ICs 



M54549L 

DUAL BI-DIRECTIONAL MOTOR DRIVER WITH BRAKE FUNCTION 

AND THERMAL SHUT DOWN FUNCTION 



ABSOLUTE MAXIMUM RATINGS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vccd ) 


Supply voltaQe (1 ) 




0. 5~+1 8 




Vcc(2) 


Supply voltage (2) 


With an external sink (3000mm^X1. 5mm) 


-0. 5 — his 


V 


Vcc 


Driver supply voltage 




-0. 5 — hi 8 


V 


V, 


Input voltage 




0~Vcc 


V 


Vo 


Output voltage 




-2-'Vcc'+2. 5 


V 


'o(max) 


Peak output current 


top=10ms, retitive cycle 0. 2Hz max 


±2.0 


A 


lod) 


Continuous output current (1 ) 




±330 


mA 


lo(2) 


Continuous output current (2) 


With an external sink (3000mm^X1. 5mm) 


±600 


mA 


Pd 


Power dissipation 


Ta=75r 


1.6 


W 


Topr 


Operating temperature 




-10 — h75 


"C 


Tstg 


Storage temperature 




-55 — hi 25 





RECOMMNDED OPERATING CONDITIONS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


16 


V 


lo 


Output current 








±300 


mA 


V,H 


High-level Input voltage 


Input Si, S2, Se 


2 




Vcc 


V 


V,L 


Low-level Input voltage 


Input Si, S2. S^ 


0 




0.4 


V 


ts 


Motor braking interval 




10 


100 




ms 


tj(shut) 


Thermal shut down temperature 


Vcc^ 7V 




150 







ELECTRICAL CHARACTERISTICS (Ta=25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'o(leak) 


Output leakage 


Vcc=Vcc'=18V 
Vsi=Vs2=0V 
VsE=OV or 2V 


Vo=18V 






100 




Vo=OV 






-100 


VoH 


High-level output voltage 


Vcc=Vcc-=12V 


loH(i)=-200mA 


10.8 






V 


loH(i)=-500mA 


10.7 






Vol 


Low-level output voltage 


Vcc=*Vcc'=12V 


loL=200mA 






0.5 


V 


loL{i)=500mA 






1.35 


llH 


High-level input current 


Vcc=Vcc =12V, Vi=2V 


50 




120 


IJitK 


Ice 


Supply current 


Vcc=Vcc=Vcc'=12V 


VsE=OV, Vsi=Vs2=0V 
VsE=OV, Vsi=ys2=0V 






10 


mA 


VsE=OV, Vsi=OV, Vs2=2V 






20 
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M54549L 

DUAL BI-DIRECTIONAL MOTOR DRIVER WITH BRAKE FUNCTION 

AND THERMAL SHUT DOWN FUNCTION 



TYPICAL CHARACTERTICS 

ALLOWABLE AVERGE 
POWER DISSIPATION 



SI 



d: z 

uj 9 

CQ < 

< CL 

^ 00 

O 52 





















7^ 


cm^Ai. ommvi; 
-ALUMINUM 
HEAT SINK 




























































/ 




EE A 



































0 25 50 75 100 

AMBIENT TEMPERATURE Ta(°C) 



APPLICATION EXAMPLE 
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MITSUBISHI BIPOLAR DIGITAL ICs 

IViS4S49AL 

DUAL BI-DIRECTIONAL MOTER DRIVER WITH BRAKE FUNCTION 

AND THERMAL SHUT DOWN FUNCTION 



DESCRIPTION 

The M54549AL, BI-DIRECTIONAL MOTOR DRIVER, con- 
sists of the two full bridge power designed for use in are 
two D-C motors control circuit. 

FEATURES 

• Two separated full-bridge drivers (only one circuit can 
be switched by the Se input) 

• Wide operating voltage range (Vcc— 4~16V) 

• TTL, PMOS, CMOS outputs, capable of direct drive 

• Low output saturation voltage 

• Built-in clamp diode 

• Large drive current (lo(max)=±l- 2A) 

• Braking mode input 

• Internal thermal shutdown protection 

APPLICATION 

Audio tape-deck player, radio cassette player, VTR, Home- 
use equipment 

FUNCTION 

The M54549AL, two-full bridge motor driver, has the logic 
circuitry and the quasi-darlington power driver for bi- 
directional control of two D-C motors operating at current 
uptol.2A. 

The input Se selects one of the bridges and Si, S2 deter- 
mine the output polarity. 



PIN CONFIGURATION (TOP VIEW) 


OUTPUT 1 


O1 










POWER SUPPLY 1 


Vcci 


K 








DRIVER POWER 
SUPPLY1 


Vcc'i 


d 








OUTPUT 2 


O2 










GND 


GND 


H 








INPUT SE 


Se 




Ol 






INPUT 1 


Si 




(O 






INPUT 2 


S2 




AL 






OUTPUT 3 


O3 










DRIVER POWER 
SUPPLY2 


VcC'2 


Go 








POWER SUPPLY 2 


VcC2 


in 








OUTPUT 4 


O4 












Outline 12P6 



LOGIC TRUTH TABLE 



Input 


Output 


Note 


Se 


Si 


S2 


O1 


O2 


O3 


O4 


Output O1, O2 


Output O3, O4 


0 


0 


0 


OFF 


OFF 


OFF 


OFF 


OPen 


Open 


0 


1 


0 


1 


0 


OFF 


OFF 




Open 


0 


0 


1 


0 


1 


OFF 


OFF 




Open 


0 


1 


1 


0 


0 


OFF 


OFF 


Braking 


Open 


1 


0 


0 


OFF 


OFF 


OFF 


OFF 


Open 


Open 


1 


1 


0 


OFF 


OFF 


1 


0 


Open 




1 


0 


1 


OFF 


OFF 


0 


1 


Open 




1 


1 


1 


OFF 


OFF 


0 


0 


Open 


Braking 
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SHUT 
DOWN 
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DUAL BI-DIRECTIONAL MOTER DRIVER WITH BRAKE FUNCTION 

AND THERMAL SHUT DOWN FUNCTION 



ABSOLUTE MAXIMUM RATINGS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5~+18 


V 


Vcc 


Driver supply voltage 




-0. 5 1-18 


V 


V, 


Input voltage 




0~Vcc 


V 


Vo 


Output voltage 




-2~Vcc'+2. 5 


V 


lo(max) 


Peak output current 


top=10ms, retitive cycle 0. 2Hz max 


±1.2 


A 


lod) 


Continuous output current (1 ) 




±330 


mA 


Pd 


Power dissipation 


Ta=75°C 


830 


mW 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55 hi 25 


°C 



RECOMMNDED OPERATING CONDITIONS (Ta=25C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


16 


V 


lo 


Output current 








±300 


mA 


V,H 


High-level input voltage 




2 




Vcc 


V 


V,L 


Low-level input voltage 




0 




0.4 


V 


te 


Motor braking interval 




100 






ms 


tj(shut) 


Thermal shutdown temperature 






150 







ELECTRICAL CHARACTERISTICS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'o(leak) 


Output leakage current 


Vcc=Vcc=18V 
Vsi=Vs2=0.4V, VsE=0.4Vor2V 


Vo=18V 






100 




Vo=OV 






-100 


VoH 


High-level output saturation voltage 


Vcc=Vcc'=12V 


loH(i)=-200mA 


10. 8 






V 


loH(i) =— 500mA 


10.7 






Vou 


Low-level output saturation voltage 


Vcc=Vcc=12V 


loL=200mA 






0.5 


V 


loL(i)=500mA 






1.35 


l|H 


High-level input current 


Vcc=Vcc=12V, V,=2V 


50 




120 




lcci 


Supply current (1 ) 


Vcc=Vcc=12V 


VsEO=Vsi=Vs2=0. 4V 






10 


nriA 


VsE=Vsi=0.4V, Vs2=2V 






20 


ICC2 


Supply current (2) 


Vcc=Vcc-=12V 


VsE=2V, Vsi=Vs2=0. 4V 






10 


mA 


VsE=Vsi=2V, Vs2=2V 






20 
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DUAL BI-DIRECTIONAL MOTER DRIVER WITH BRAKE FUNCTION 

AND THERMAL SHUT DOWN FUNCTION 



TYPICAL CHARACTERTICS 



ALLOWABLE AVERGE 
POWER DISSIPATION 




AMBIENT TEMPERATURE Ta(°C) 



APPLICATION EXAMPLE 



INPUT 



(O— 



Sp MOTOR SELECT 
_^ INPUT 



— • — f — I wv 



FiiriiToif^r^f^rgir^rhrhf^rh 



lRi=2n 



21 



+ ° 

10-1 00/^ F 
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iVIS4S60P 



7-UNIT 150mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



DESCRIPTION 

The M54560P, 7-channel source driver, consists of 7 PNP 
and 7 NPN transistors, connected to form higli current gain 
driver witli PNP action. 

FEATURES 



High output sustaining voltage to 40V 
Output source current to 150mA 
Integral diode for transient suppression 
Active "L" input 

Wide operating temperature range (Ta=*— 20 — |-75''C) 



APPLICATION 

Relay and printer driver, LED, incandescent or fluorescent 
display driver. Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The M54560P is comprised of seven PNP-NPN darlington 
source driver pairs with 20k f) series input resistors. Each 
output has an integral diode for inductive load transient sup- 
pression. The anodes of the diodes and the substrate con- 
nected together to pin 9 . The outputs are capable of driving 
150mA and are rated for operation with output voltages of up 
to 40V. The output is turned ON by switching the input low. 



PIN CONFIGURATION (TOP VIEW) 



IN1 
IN2 
INS 
IN 4 
IN5 
IN 6 
IN 7 
Vs 



I KJ 

[H>- 
[H>- 







Tel — » o 1 

15]- 02 
14] 03 
13] -.04 
jD- 05 
Tl] 06 






^1 




















10] 07 

Tj sue 
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CIRCUIT SCHEMATIC 



INPUT O- 




-j-O OUTPUT 



The diodes shown by broken line are 
parasite diodes and must not be used 



H4^SUB 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Output IS in "L" 


-0. 5 1-40 


V 


Vs 


Supply voltage 




40 


V 


V, 


Input voltage 




0 — 1-40 


V 


lo 


Output current 


Per channel current at "H"output 


— 150 


mA 


If 


Clamp diode forward current 




— 150 


mA 


Vr 


Clamp diode reverse voltage 




40 


V 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 


°C 
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IVI54560P 

7-UNIT 150mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherw.se noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vs 


Supply voltage 


0 




40 


V 


lo 


Output current 
per channel 


Percent duty cycle 
less than 90% 


0 




-100 


mA 


Percent duty cycle 
less than 100% 


0 




-50 


V,H 


High-level Input voltage 


Vs-0. 2 




Vs+0. 3 


V 


V,L 


Low-level Input voltage 


lo=-100mA 


0 




Vs-5 


V 


lo =-50mA 


0 




Vs-3. 5 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


Is(leak) 


Supply leakage current 


Vs=40V 






100 


ju/K 


VcE(sat) 


Output saturation voltage 


V|=Vs-5V, lo=-100mA 




0.82 


1.5 


V 


Vi=Vs-3.5V, lo=-50mA 




0. 75 


1.2 


1, 


Input voltage 


V|=Vs-8. 5V 




-380 


-670 


/.A 


Vf 


Clamp diode forward voltage 


If=- 100mA 




-1.1 


-2.4 


V 


Vr 


Clamp diode reverse voltage 


Ir=100/^A 


40 






V 




DC forward current gam 


Vs-Vo=4V, lo=-100mA, Ta=25°C 


500 


2800 







* : A typical value at Ta=25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE OUTPUT CURRENT 

POWER DISSIPATION CHARACTERISTICS 




AMBIENT TEMPERATURE Ta(°C) Vs-INPUT VOLTAGE Vs-V,(V) 
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M54560P 

7-UNIT ISOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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M54561P 

7-UNIT 300mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



DESCRIPTION 

The M54561P, 7-channel source driver, consists of 7 PNP and 
14 NPN transistors connected to form liigli current gain driv- 
er with PNP action. 

FEATURES 

• High output sustaining voltage to 40V 

• High output source current to 300mA 

• Integral diode for transient suppression 

• Active "L" input 

• Wide operating temperature range (Ta = 



=-20~+75°C) 



APPLICATION 

Relay and printer driver, LED, incandescent or fluorescent 
display driver, Active "L" input. Interfacing for standard 
MOS/BIPOLAR logics 

FUNCTION 

The M54561P functions like a PNP transistor and the com- 
pound PNP/NPN/NPN output provides high current gain. 
Each output has an integral diode for inductive load transient 
suppression and the anodes of the diodes and the substrate 
are connected together to pin 9 . 

The output are capable of driving 300mA and are rated for 

operation with output voltage up to 40V. 

The output is turned ON by switching the input low. 



PIN CONFIGURATION (TOP VIEW) 



— 



INI — [T] [>> 

IN 2 
INS 
IN 4 
IN5 
IN6 
IN 7 
Vs 





— 01 


l 


-►02 


HI 


— 03 




— 04 


11 


— 05 


E 


— 06 




— 07 




SUB 



Outline 16P4 



CIRCUIT SCHEMATIC 



INPUT 





-O Vs 

I 
I 



7k 



3k 



-+0 OUTPUT 



H4^SUB 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Output Is in "L" 


—0. 5 — 1-40 


V 


Vs 


Supply voltage 




40 


V 


V, 


Input voltage 




0 — h40 


V 


lo 


Output current 


Per channel current at "H"output 


-300 


mA 


If 


Clamp diode forward current 




-300 


mA 


Vr 


Clamp diode reverse voltage 




40 


V 


Pd 


Power dissipation 


Ta =25t 


1.47 


W 


Topr 


Operating temperature 




-20 — h75 ■ 


"C 


Tstg 


Storage temperature 




-55 — hi 25 





2-2^0 
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IVI54561P 

7-UNIT 300mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS da 20^+75 C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vs 


Supply voltage 


0 




40 


V 


lo 


Output current 
per channel 


Percent duty cycle 
less than 1 5% 


0 




-250 


mA 


Percent duty cycle 
less than 50% 


0 




-100 


V,H 


High-level Input voltage 


Vs-0.2 




Vs+0. 3 


V 


V.L 


Low-level Input voltage | lo=— 250mA 


0 




Vs-3 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20-+75r. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


's(leak) 


Supply leakage current 


Vs=40V 






100 


/uA 


VcE(sat) 


Output saturation voltage 


V,=Vs-3V, lo= -250mA 




1.6 


2.3 


V 


V,=Vs-3V, lo=- 100mA 




1.45 


2.0 




Input current 


V,=Vs-3. 5V 




—150 


-250 


//A 


Vf 


Clamp diode forward voltage 


lF=-300mA 




-1.6 


-2.4 


V 


Vr 


Clamp diode reverse voltage 


Ir=100a<A 


40 






V 


hpE 


DC forward current gam 


Vs-Vo=4V, lo= -300mA, Ta=25°C 


1000 


8000 







* : A typical value at Ta=25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




OUTPUT CURRENT 
CHARACTERISTICS 



D 
O 
h- 

Q. 
h- 

o 





































Vs=2 
Vs-V 


ov 

o=4V 














Ta =75°C 

Ta =25°C 














>0°C 



























































AMBIENT TEMPERATURE TgCC) 



Vs-INPUT VOLTAGE Vs-V,(V) 
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IVI54561P 

7-UNIT 300mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTIONAL OF DUTY CYCLE 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTIONAL OF DUTY CYCLE 




^lOHz 
• The number in 
O IS the number 
of outputs conducting 
- simultaneously. 
- - 25-C 



O 



o 



20 



40 




DUTY CYCLE {%) 



DUTY CYC IE {%) 



DC CURRENT GAIN 
CHARACTERISTICS 




loo i I I I I I M II I I MINI 

-1 -3 -5 -7-100 -3 -5 -7-1000 

OUTPUT CURRENT lo(mA) 
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IVIS4562P 

S-UNIT 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



DESCRIPTION 

The M54562P, 8-channel source driver, is designed for use 
with lyiOS logic systems. 

FEATURES 

• High output sustaining voltage to 50V 

• High output source current to 500mA 

• Integral diode for transient suppression 

• CMOS compatible input 

• Wide operating temperature range (Ta=— 20 — |-75°C) 
APPLICATION 

Relay and printer driver, LED, incandescent or fluorescent 
display driver, Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The driver of the M54562P is comprised of a N FN inverter 
and compound PNP/NPN/NPN output source driver, and the 
output is turned ON by an active high input level. Each out- 
put has an Integral diode for inductive load transient supp- 
ression. The outputs are capable of driving 500mA and are 
rated for operation with output voltage up to 50V. 



PIN CONFIGURATION (TOP VIEW) 



INI 
IN2 
INS 
IN 4 
IN5 
IN6 
IN 7 
INS 
Vs 



-E-[> 





- 


Ol 


B 




02 


n 




03 


E 




04 


M] 




05 


m 




06 


ni 




07 


ui 




08 


To) 




GND 



Outline 18P4 



CIRCUIT SCHEMATIC 



8.5k 

INPUT o-^-^Vs^ 



I 



-TO Vs 



) OUTPUT 
I 

-^GND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Output is in "L" 


-0. 5~H-50 


V 


Vs 


Supply voltage 




50 


V 


V, 


Input voltage 




0~+30 


V 


lo 


Output current 


Per channel current at "H" output 


-500 


mA 


If 


Clamp diode forward current 




-500 


\ mA 


Vr 


Clamp diode reverse voltage 




50 


V 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20~+75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54562P 



8-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS da =-20-.+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vs 


Supply voltage 


0 




50 


V 


lo 


Output current 
per channel 


Percent duty cycle 
less than 8% 


0 




-350 


mA 


Percent duty cycle 
less than 55% 


0 




-100 


V,H 


High-level Input voltage 


lo= -350mA 


2.4 


5 


30 


V 




Low-level Input voltage 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS da =-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


■sdeak) 


Supply leak current 


Vs=50V, V|=0. 2V 






100 




VcE (sat) 


Output saturation voltage 


Vs=10V, V|=2. 4V, lo=-350mA 




1.6 


2.4 


V 


Vs=10V, V|=2.4V, lo=- 100mA 




1.45 


2.0 


li 


Input current 


V|=5V 




0. 48 


0. 75 


mA 


V|=25V 




2.8 


4.7 


Is 


Supply current 


Vs=50V, V|=5V 




5.6 


15 


mA 


Vf 


Clamp diode forward voltage 


If=- 350mA 




-1.2 


-2.4 


V 


Vr 


Clamp diode reverse voltage 


Ir=100/^A 


50 






V 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




< 

E 



D 
O 



OUTPUT CURRENT 
CHARACTERISTICS 







=20\ 
-Vo 
-Ta 














T 

1 
1 






Vs 
Vs 


=4V 












1 
1 








= 75 
= 25 
= -2C 


C 










H 

1 
1 








-Ta 


c — 

)-C 










1 
1 

1 






















1 
1 






















1 

1 






















1 







































































AMBIENT TEMPERATURE Ta(°C) 



0.2 0.4 0.6 0.8 1.0 
INPUT VOLTAGE V,(V) 
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8-UNIT 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 




INPUT CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54S63P 

8-UNlt SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



DESCRIPTION 

The M54563P, 8-channel source driver, is designed for use 
with H- 6 to +16V MOS logic systems. 

FEATURES 

• High output sustaining voltage to 50V 

• High output source current to 500mA 

• Integral diode for transient suppression 

• Wide operating temperature range (Ta=— 20 — h75°C) 

APPLICATION 

Relay and printer driver, LED, incandescent or fluorescent 
display driver, Interfacing for standard MOS/BI POLAR 
logics 

FUNCTION 

The driver of the M54563P is comprised of a NPN inverter 
and compound PNP/NPN/NPN output source driver and the 
output turned ON by an active high input level. Each out- 
put has an integral diode for inductive load transient sup- 
pression. The outputs are capable of driving 500mA and are 
rated for operating with output voltage up to 50V. 



PIN CONFIGURATION (TOP VIEW) 



IN1 
IN2 
INS 
IN4 
INS 
IN6 
i|N7 
II N8 
Vs 
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01 




02 
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03 




04 




05 




06 




07 


ni- 


08 


n 


GND 
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CIRCUIT SCHEMATIC 




' OUTPUT 



-A-oGND 



The diodes shown by broken line are parasite 
diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — 1-50 


V 


Vs 


Supply voltage 




50 


V 


V, 


Input voltage 




0 — hio 


V 


lo 


Output current 


Transistor OFF 


-500 


mA 


If 


Clamp diode forward current 




-500 


mA 


Vr 


Clamp diode reverse voltage 




50 


V 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20 — 1-75 


"C 


Tstg 


Storage temperature 




-55—1-125 
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8-UNIT 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS da =-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vs 


Supply voltage 


0 




50 


V 


lo 


Output current 
per channel 


Percent duty cycle 
less than B% 


0 




-350 


mA 


Percent duty cycle 
less than 60% 


0 




-100 


V,H 


High-level Input voltage 


lo= -350mA 


2.4 




25 


V 




Low-level Input voltage 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (Ta^ 20-^+750, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


's(leak) 


Supply leak current 


Vs=50V, V|=0.2V 






100 




VcE(sat) 


Output saturation voltage 


Vs=10V 
V|=4V 


lo= -350mA 




1.6 


2.4 


V 


lo=-100mA 




1.45 


2 


li 


Input current 


V|=3V 




0.6 


2 


nnA 


V|=10V 




2.9 


5 


's 


Supply current 


Vs=50V, V,=3V 




5.6 


15 


nfiA 


Vf 


Clamp diode forward voltage 


If= -350mA 




-1.2 


-2.4 


V 


Vr 


Clamp diode forward voltage 


lR=100yuA 


50 






V 



* I Typical values are at Ta=25°C 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 




Z3 
CL 
J- 

o 



OUTPUT CURRENT 
CHARACTERISTICS 







s=20V 
s -Vo =4 
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V 


V 


















a=75t: 
a-25t: 
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AMBIENT TEMPERATURE Ta(°C) 
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8-UNIT ^OOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



< 

E 



D 
O 



ZD 

o 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 

-500 p 




DUTY CYCLE {%) 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 



-500 
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O 



o 




»The current 
shown by the 
value per output. 

> Repetitive 
Frequency 
^lOHz 

►The number in 
O is the number 



DUTY CYCLE {%) 



INPUT CHARACTERISTICS 
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IVIS4564P 



8-UNIT 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54564P, 8-channel source driver, is designed for inter- 
facing between low power digital logic and a fluorescent 
display. 

FEATURES 

• High output sustaining voltage to 50V 

• High output source current to 500mA 

• CMOS, TTL Compatible input 

• Internal pull-down resistors 

• Wide operating temperature range (Ta =— 20'-'+75°C ) 
APPLICATION 

Relay and printer driver, LED, incandescent or fluorescent 
display driver. Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The driver of the M54564P is comprised of a NPN inverter 
and compound PNP/NPN/NPN output source driver and the 
output is turned ON by an active high input level. Each out- 
put has 50kn pull-down resistor suitable for driving fluores- 
cent displays. The outputs are capable of driving 500mA and 
are rated for operation with output voltage up to 50V. 



PIN CONFIGURATION (TOP VIEW) 



INI -^n — — R-'oi 

IN2 — |T 1> T7]"*02 

IN3-*[T P> Te] — 03 

IN4 -[7 1> 25] ""04 

IN5 -[7 p> u\-^05 

IN6-^|T 1> ja]— 06 

IN7 -»[7 f> '}^-^07 

IN8 -►[T 1> TT)— 08 

Vs [7 2°] OND 



Outline 18P4 



CIRCUIT SCHEMATIC 



Bk 

INPUT O—f-VsAr- 




-r-o Vs 



I 
I 

i 

I 
I 



l-o OUT 

50k I PUT 



The diodes shown by broken line are parasite 
diodes and must not be used 



Unit : a 



ABSOLUTE MAXIMUM RATINGS (Ta =-20-^+750, unless othenvise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 




-0. 5 — 1-50 


V 


Vs 


Supply voltage 




50 


V 


V, 


Input voltage 




0 — 1-30 


V 


'0 


Output current 




-500 


nnA 


Pd 


Power dissipation 


Ta=25r 


1.79 


W 


Topr 


Operating temperature 




-20—1-75 


"C 


Tstg 


Storage temperature 




-55 — hi 25 
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8-UNIT 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS da =-20^+75 C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vs 


Supply voltage 


0 




50 


V 


lo 


Output current 
per channel 


Percent duty cycle 
less than 8% 


0 




—350 


mA 


Percent duty cycle 
less than 55% 


0 




-100 


V,H 


High-level Input voltage 


io= -350mA 


2.4 




25 


V 


V.L . 


Low-level input voltage 


b 




0.2 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20-+75°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


•s(leak) 


Supply leak current 


Vs=50V, V|=0.2V 






100 


juA 


VcE(sat) 


Output saturation voltage 


Vs=10V 
V|=4V 


lo= -350mA 




1.6 


2.4 


V 


lo=- 100mA 




1.45 


2 


li 


Input current 


V|=4V 




0.4 


0.7 


nnA 


V|=25V 




2.9 


4.7 


Is 


Supply cui-rent 


Vs=50V, V,=4V 




5.6 


6.5 


mA 



* Typical values are at Ta=25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




OUTPUT CURRENT 
CHARACTERISTICS 



D 

o 



D 

o 
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=4V 
















—300 
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1 1 
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Ta = 
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AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE V,(V) 
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INPUT CHARACTERISTICS 



5 
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= 75° 
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MS456SP 



S-UNIT 50mA TRANSISTOR ARRAY 
("L" ACTIVE INPUT) 



DESCRIPTION 

The M54565P, 8-channel sink driver, consists of 7 PNP and? 
NPN transistors connected to form liigli current gain driver 
pairs. 

FEATURES 

• Output brealcdown voltage to 20V 

• Output sink current to 50mA 

• Wide operating temperature range (Ta =—20 — h75°C) 

• Low-level Active Input 

APPLICATION 

LED or incandescent display driver, Interfacing for standard 
iVlOS/BIPOLAR logics 

FUNCTION 

The M54565P is comprised of eight PNP-NPN non darlington 
sink drivers. It functions from 2 V of supply voltage and fea- 
tures low output saturation voltage. The output is turned ON 
by switching the input low. 



PIN CONFIGURATION (TOP VIEW) 



INI - 1 



18 - 01 




Outline 18P4 



CIRCUIT SCHEMATIC 



INPUT O-r 




OGND 



OUTPUT 



The diodes shown by broken line are parasite 
diodes and must not be used 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 1-20 


V 


'c 


Collector current 


Transistor ON 


50 


nnA 


V, 


Input voltage 




0~Vcc 


V 


Topr 


Operating temperature 




-20 — 1-75 


r 


Tstq 


Storage temperature 




—55 — 1-125 
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8-UNIT SOmA TRANSISTOR ARRAY 
("L" ACTIVE INPUT) 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


MIn 


Typ 


Max 


Vcc 


Supply voltage 


2 




6 


V 


Vo 


Output voltage 


0 




20 


V 


'c 


Collector current 


0 




20 


mA 


l|H 


"H" Input current 


-8 




8 


/^A 


l|L 


"L" Input current | lo=40mA 


-200 




-5000 


/.A 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


MIn 


Typ* 


Max 


•o(leak) 


Output leakage current 


Vcc=6V, Vo=20V 






50 


|u^ 


VcE(sat) 


Output saturation voltage 


Vcc = 3V 
1, =-200a^A 


Ic =20mA 




0. 03 


0.17 


V 


Ic =40mA 




0. 05 


0. 23 


V, 


Input voltage 


Vcc = 2V, l|=-200/iA 


1 


1.25 




V 


'cc 


Supply current 


Vcc=3V, l|=-200//A 




2.3 


4 


nnA 


hpE 


DC forward current gain 


VcE=4V, Vcc=3V, lc=40mA, Tg =25°C 


800 


2500 







* : Typical values are at Ta=25°C. 



TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 
CHARACTERISTICS 
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DC CURRENT GAIN 
CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 



IViS4S66P 

7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

("L" ACTIVE INPUT) 



DESCRIPTION 

The M54566P, 7-channel sink driver, consists of 7 PNP and 14 
NPN transistors connected to form high current gain driver 
pairs. 

FEATURES 

• Higli output sustaining voltage to 50V 

• High output s'mk current to 400mA 

• Low-level Active input 

• Wide operating temperature range (Ta =—20 — |-75°C ) 
APPLICATION 

Relay and printer driver Interfacing between standard 
MOS/BIPOLAR logics 

FUNCTION 

The M54566P is comprised of seven PNP inverters with 8 kfl 
series input resistors and NPN darlington sink drivers. The 
output is turned ON by switching the input low. The outputs 
are capable of sinking 400mA and will withstand 50V in the 
OFF state. 



PIN CONFIGURATION (TOP VIEW) 



IN2-[T o[>c^ 

IN3-(T — ct>o— 

IN4-*[T a[>o— 

IN5-[T c^>c^ 

IN6 -[T — ot>>— 
IN7-|T — cf>o— 
GND [£ 



Te]- 01 
Ts]- 02 
m]- 03 
]3]- 04 
12]-* 05 
TT]- 06 

22]"" ^7 
3 Vcc 



Outline 16P4 



CIRCUIT SCHEMATIC 



OUTPUT 




The diodes shown by broken line are parasite 
diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h50 


V 


V, 


Input voltage 




0~Vcc 


V 


Ic 


Collector current 


Transistor ON 


400 


mA 


Pd 


Power dissipation 


Ta =25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstq 


Storage temperature 




-55~+125 


°C 
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M54566P 



7.UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

("L" ACTIVE INPUT) 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


8 


• V 


Ic 


Collector current 
per channel 


Percent duty cycle 
less than 10% 


0 




350 


mA 


Percent duty cycle 
less than 30% 


0 




200 


V,H 


"H" Input voltage 


loileak)=50/^A 


Vcc-0.2 




Vcc 


V 




"L" Input voltage 


lc=350mA 


0 




Vcc-3 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


Iceo=100a<A 


50 






V 


VcE (sat) 


Output saturation voltage 


Vi = Vcc -3V 


Ic =350 mA 




1.1 


2.2 


V 


Ic =200 mA 




0.9 


1.6 


li 


Input current 


V| = Vcc -3. 5 V 




-0. 38 


-0. 58 


mA 


'cc 


Supply current 


Vcc=5V, V, = Vcc -3.5 V 




1.4 


3 


mA 


hpE 


DC forward current gain 


VcE =4 V, Vcc =5 V, Ic =350 mA, Tg =25°C 


2000 


10000 







* .' Typical values are at Ta=25°C. 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 




o 



OUTPUT CURRENT 
CHARACTERISTICS 



Vcc =4^ 

VcE =4\ 
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AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE Vcc-V,(V) 
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MitSUBISHI BIPOLAR DIGITAL ICs 

M54566P 



7-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 

("L" ACTIVE INPUT) 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 r 




^lOHz 

• The number in 
O is the number 
of outputs conducting 
simultaneously. 

• Ta=25°C 



20 



40 



DUTY CYCLE {%) 



=3 
O 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 r 




DUTY CYCLE {%) 




COLLECTOR CURRENT lc(mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 



M54567P 



4-UNIT l.SA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54567P, 4-channel sink driver, consists of 4 PNP and 8 
NPN transistors to form high current gain driver pairs. 

FEATURES 

• High output sustaining voltage to 50V 

• High output current to 1 . 5A 

• Integral diodes for transient suppression 

• NMOS Compatible input 

• Wide operating temperature range (Ta =— 20'-'+75°C) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver 

FUNCTION 

The M54567P is comprised of four PNP inverters with 8k H 
series input resistors and NPN darlington sink drivers. Each 
output has an integral diode for inductive load transient sup- 
pression and the anodes of the diode connected to pins 9 
and 18. The outputs are capable of sinking 1.5A and will 
withstand 50V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 

Vcc U}- 



01 — E 

INI -^U^^^ 



GND 



E 
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IN2-»[?-||V>- 
02 ^[7 

Vcc E 



iU COM 
lH-^ 04 
-<<J-14]^ IN4 

m 
m 

P<]^n]^iN3 

121—03 
9] COM 



GND 



Outline 16P4 



CIRCUIT SCHEMATIC 



OVcc 



INPUT 



-►h-oCOM 



-O OUTPUT 




The diodes shown by broken line are parasite 
diodes and must not be used 



Unit : a 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




10' 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 h50 


V 


V, 


Input voltage 




30 


V 


Ic 


Collector current 


Transistor ON 


1.5 


A 


Vr 


Clamp diode reverse voltage 




50 


V 


If 


Clamp diode toward current 


Pulse width^lOms, Repetitive cycled! OHz 


1.5 


A 




1 


Pd 


Power dissipation 


Ta =25'C 


1.92 


W 


Topr 


Operating temperature 




-20—4-75 


°C 


Tsta 


Storage temperature 




-55 — hi 25 


"C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54567P 



4*UKIT l.SA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIOPE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


6 


V 


Vo 


Output voltage 


0 




40 


V 


Ic 


Collector current 
per channel 


All units ON 

Percent duty cycled 4 % 


0 




1.25 


A 


All units ON 

Percent duty cycle ^18% 


0 




0.7 


V,H 


High-level Input voltage 


lo(leak)=50//A 


Vcc-0.5 




Vcc 


V 


V,L 


Low-level Input voltage 


lc=1.25A 


0 




Vcc-3.5 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V(BR) CEO 


Output sustaining voltage 


lcEo=100//A 


50 






V 


'cc 


Supply current 


Vcc = 6V, V|=0.5V 




3.0 


4.5 


mA 


VcE (sat) 


Output saturation voltage 


Vcc = 4 V 
V| =0. 5V 


Ic=1.25A 




1.6 


2.2 


V 


Ic =0. 7A 




1.1 


1.7 


li 


Input current 


V| =Vcc -3. 5V 




-0.3 


-0.6 


mA 


V| =Vcc- 6 V 




-0. 58 


-0. 95 


Vr 


Clamp diode reverse voltage 


Ir=100/^A 


50 






V 


Vf 


Clamp diode forward voltage 


If=1.25A 




1.6 


2.3 


V 


hpE 


DC forward current gain 


Vcc=4V, VcE=4V, Ic=1A, Tg =25°C 


4000 


30000 







* '. Typical valuse are at Ta=25°C 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 




OUTPUT CURRENT 
CHARACTERISTICS 
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AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE Vc, 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54567P 



4-UNIT l.SA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



The current IS •The number in 

shown by the ' O is the number 

value per output of outputs conducting 

• Repetitive simultaneousiy. 
Frequency •Ta=25X; 




ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



3 
O 



o 
o 



• The current is 
shown by the 
value per output, 

• Repetitive 
Frequency 
^lOHr 



• The number In 
O is the number 

of outputs conducting . 
simultaneously 

• Ta=75X: 
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DC CURRENT GAIN 
CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54568L 

4-UNIT 30mA PNP TRANSISTOR ARRAY 



DESCRIPTION 

The M54568L, general purpose transistor array, consists of 4 
PNP transistors connected in a commom-emitter configura- 
tion. 

FEATURES 

• 20V breakdown 

• 30mA output source current capability 

• Wide operating temperature range (Ta=— 20 — hlS^C) 

APPLICATION 

LED or incandescent display driver 

FUNCTION 

The M54568L is comprised of 4 PNP transistors. ALL emitters 
are connected to pin 5 . Each transistor is capable of switch- 
ing 30mA and will withstand 20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 






o 


jo]*- B4 








1]— C4 








B3 








2]— C3 






-i 










00 




GND 








3 


Ve 
















j]— B2 








j]— CI 






o 


j]^ 81 


Outline 10P5 





CIRCUIT SCHEMATIC 



81 CI 82 C2 Ve GND C3 83 C4 84 




777- 



The diodes shown by broken line are parasite 
diodes and must not be used 



ABSOLUTE MAXIMUM RATINGS i^a 20~+75r. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcBO 


Collector-base sustaining voltage 


Base voltage OV 


-40 


V 


Vebo 


Emitter-base sustaining voltage 


Base voltage : OV 


-40 


V 


VcEO 


Collector-emitter sustaining voltage 


Emitter voltage : OV 


-20 


V 


Ic 


Collector current per transistor 




-30 


mA 


Ib 


Base current per transistor 




-20 


mA 


Pd 


Power dissipation 


Ta=25-C 


1000 


mW 


Topr 


Operating temperature 




— 20~+75 




Tsta 


Storage temperature 




—55 — 1-125 
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M54568L 



4-UNIT 30mA PNP TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


'c 


Collector current | Ib=— 3mA 


0 




-20 


mA 


Ib 


Base current 


0 




-10 


mA 


Ve 


Emitter current 


-0.3 




20 


V 


Vb 


Base voltage 


-0.3 




Ve 


V 



ELECTRICAL CHARACTERISTICS i^a 20~+75r. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CBO 


Collector-emitter sustaining voltage 


Ic =-10//A, Vb =0 V, Ve : OPEN 


-40 






V 


V(BR)EBO 


Emitter-base sustaining voltage 


Ie =-10a^ a, Vb =0 V, Vc : OPEN 


-40 






V 


V(BR)CEO 


Collector-emitter sustaining voltage 


Ic =-100// A, Ve =0 V, Vb : OPEN 


-20 






V 


VcE(sat) 


Collector-emitter saturation voltage 


Ic =-20 mA. Ib =-3 mA, Ve =5 V 




— 0. 09 


-0.3 


V 


Ic =-2 mA, Ib =-0. 2 mA, Ve =5 V 




-0. 02 


-0. 28 


Hfe 


DC forward current gain 


Vce=-4V 
Ta =25°C 


Ic =-2 mA 


20 


80 






Ic =-20 mA 


15 


60 





* : Typical values are at Ta=25°C. 



TYPICAL CHARACTERISTICS 

OUTPUT CHARACTERISTICS 
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DESCRIPTION 

The M54569P, general purpose transistor array, consists of 8 
PNP transistors connected In a common-emitter configura- 
tion. 

FEATURES 

• 20V breakdown 

• 30mA output source current capability 

• Wide operating temperature range (Ta =—20 — h75°C) 

APPLICATION 

LED or Incandescent display driver 

FUNCTION 

The M54569P is comprised of 8 PNP transistors. All emitters 
are connected to pin 10. Each transistor is capable of 
switching 30mA and will withstand 20V in the OFF state. 



MITSUBISHI BIPOLAR DIGITAL ICs 

IViS4S69P 

8-UNIT 30mA PNP TRANSISTOR ARRAY 



PIN CONFIGURATION (TOP VIEW) 

f— I ^ h- 1 

CI ^|T-A_^A_i7]-.c8 

B2-»|T — I I — 2il'~B7 

c2^|TiA4A4T 



B3 — [T — I I — "iT|-B6 

C3 -[7-^^^^ ^73]-*C6 

BA — I I — ]2]^B5 



C4 



[I- 

E 



-1T]-C5 

-To] Ve 



Outline 18P4 



CIRCUIT SCHEMATIC 

I oC 

80 •-X^ 

I 

' -oGND 

The diodes shown by broken line are 
parasite diodes and must not be used 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcBO 


Collector-base sustaining voltage 


Base voltage OV 


-40 


V 


Vebo 


Emitter-base sustaining voltage 


Base voltage OV 


—40 


V 


VcEO 


Collector-emitter sustaining voltage 


Emitter voltage • OV 


—20 


V 


Ic 


Collector current per transistor 




—30 


mA 


'b 


Base current per transistor 




-20 


mA 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55~+125 
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M54569P 



8-UNIT 30mA PNP TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Ic 


Collector current | Ib=— 3mA 


0 




-20 


mA 


•b 


Base current 


0 




-10 


mA 


Ve 


Emitter voltage 


-0.3 




20 


V 


Vb 


Base voltage 


-0.3 




Ve 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR) CBO 


Collector-emitter sustaining voltage 


lc=-10/iA, Vb=OV 
Ve : OPEN 


-40 






V 


V(BR)EBO 


Emitter-base sustaining voltage 


Ie=-10//A, Vb=OV 
Vc '. OPEN 


-40 






V 


V(BR) CEO 


Col lector- emitter sustaining voltage 


lc=-100//A, Ve=OV 
Vb : OPEN 


-20 






V 


VcE(sat) 


Collector-emitter saturation voltage 


lc=-20mA lB=-3mA, Ve=5V 




-0. 09 


-0.3 


V 


lc=-2mA lB=-0.2mA, Ve=5V 




-0. 02 


-0. 28 


hpE 


DC forward current gain 


VcE=-4V 
Ta=25°C 


lc=-2mA 


20 


100 






lc=-20mA 


15 


70 





* Typical values are at Ta=25°C 



TYPICAL CHARACTERISTICS 

OUTPUT CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL IC 

IVI54570L 

TUNER BAND DECODER/DRIVER 



DESCRIPTION 

The M54570L is a semiconductor integrated circuit capable 
of switching four bands in TV and VTR tuners. 

FEATURES 

• Low output saturation voltage (VcE(sat)^0.5V at lo=~ 
35mA). 

• High output sustaining voltage (BVceo^26V) 

• Four-bands switching 

APPLICATION 

Switching bands in TV and VTR tuners 

FUNCTION 

The M54570L is an IC suitable for four-band switching in 

TV and VTR tuners. Since the output drives the power 

supply of each tuner band, a low saturation voltage 

(Vcc~Vo) becomes necessary. This need is satisfied 

through a first stage configured of PNP transistors. 

The input, being three-valued logic input, can be switched 

into 6 output modes as shown in the truth table. 

The selection mode can be altered by making a wired OR 

connection on the outputs when used as a three-band 

device. 



PIN CONFIGURATIONS (TOP VIEW) 


0UTPUT3 


O3-IT 

Lmmm 
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0UTPUT1 










INPUT B 


INb^U 








INPUT A 


GND [Y 
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Outline 
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BLOCK DIAGRAM 
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OUTPUT 1 
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MITSUBISHI BIPOLAR DIGITAL IC 

M54570L 



TUNER BAND DECODER/DRIVER 



TRUTH TABLE 



Input 


Output 


INa 


INb 


Oi 


02 


03 


04 


0 


0 


1 


1 


0 


1 


0 


1 


0 


0 


1 


0 


1 


0 


1 


1 


0 


0 


1 


1 


1 


0 


0 


0 


1 * 


1 * 


1 


0 


0 


1 


1 * 


0 


1 


1 


0 


0 



Input "0" = 0. 4V (max.) 

"1" = 4V(min.),6V(max.) 
"1*" = 10V(min.), Vcc(max.) 

Output "0" = output transistor off-state 
"1 " = output transistor on-state 



TYPICAL CHARACTERISTICS 

SOURCE OUTPUT SATURATION 
CHARACTERISTICS 




0.1 0.2 0.3 0.4 
OUTPUT SATURATION VOLTAGE 

Vcc-Vo(V) 



ABSOLUTE MAXIMUM RATINGS (Ta = 25C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




15 


V 


VcEO 


Output sustaining voltage 




-0. 5 — h26 


V 


V| 


Input voltage 




15 


V 


lo 


Output current 




-40 


nnA 


Topr 


Operating temperature 




-10 — 1-60 


°C 


Tstg 


Storage temperature 




-55—4-125 





RECOMMENDED OPERATING CONDITIONS (Ta = 25c unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


VcEO 


Output sustaining voltage 


0 




24 


V 


'o 


Output current 


Outputs 1 and 3 


0 


-35 


-40 


mA 


Outputs 2 and 4 


0 


-20 


-25 


V,H 


High-level input voltage 


4 




6 


V 


V,L 


Low-level input voltage 


0 




0.4 


V 


V,H* 


High-level* input voltage 


10 




Vcc 


V 



ELECTRICAL CHARACTERISTICS da = 25c, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


•odeak) 


Output leakage current 


Vcc=12V, Vo=-12V, output opened 






— 100 


/uA 


VoH 


High-level output voltage 


Vcc=12V 


lo=— 20mA 


11.7 


11.9 




V 


lo=-35mA (output!, 3) 


11.5 


11.9 




llH 


High-level input current 


Vcc=12V, V|=4V 






10 


juA 


l|H*A 


High-level* Input current (input A) 


Vcc=12V, V|*=10V 




0. 63 


1.3 


mA 


l|H*B 


High-level* input current (input B) 


Vcc=12V, V|*=10V 






20 


juA 


IlL 


Low-level input current 


Vcc=12V, V|=0. 4V 






-100 


mA 


'cc 


Supply current 


VcG=13V, ViA=OV, V|B=4V, output opened 




17 


28 


mA 



* : A typical value at Ta=25°C. 
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MITSUBISHI BIPOLAR DIGITAL ICs 



IVIS4S71P 



6-UNIT 350mA TRANSISTOR ARRAY AND MOTOR DRIVER 



DESCRIPTION 

The M54571 P, 6-channel sink driver and voltage regulator, is 
designed for use with a small printer. 

FEATURES 

• High output sustaining voltage to 40V 

• High output sink current to 350mA 

• Voltage regulator with a control circuit 

• Wide operating temperature range (Ta=— 20 — \-75''C) 

APPLICATION 

Small calculator printer driver 

FUNCTION 

The M54571P is designed for driving a small serial printer 
made by CITIZEN and EPSON, and consists of 6 relay driv- 
ers and 1.2A motor driver. Each driver has 4. 3kfi series in- 
put resistor and output transient suppression diode. The 
driver outputs are capable of sinking 350mA and will with- 
stand 43V in the OFF state. The output of the motor driver at 
pin 18 can drive 1. 2A. 



PIN CONFIGURATION (TOP VIEW) 

— o — 



INPUTS^ 



INS -*[T 




IN4 [T ■-^^>^ - Ta] o- 



IN5 — [£- 



^ IN6 -^O?- 



02 
03 
' 04 
►05 
•06 



Outline 20P4 no : no connection 



CIRCUIT SCHEMATIC 



COM 




GND 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




40 


V 


VcEO 


Output sustaining voltage 




-0.5 — 1-40 


V 


lci 


Collector current 


Tn 


100 


mA 


ic2 


Tr2 


100 


mA 


Ic3 


Tr3 


100 


mA 


IC4 


Spike current 2A max 

Tr4 

Pulse widths 5 ms, Duty cycled 5 % 


1200 


mA 


IC7 


Tj-7 (Per channel) 


350 


mA 


V, 


Input voltage 


IN1~IN6 


40 


V 


V|(|DF) 




40 


V 


Vr(IDF) 


Input reverse voltage 




-45 


V 


Vr(D) 


Clamp diode reverse voltage 




40 


V 


If(D) 


Clamp diode forward current 




350 


mA 


Pd 


Power dissipation 


Ta =25°C 


1.79 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 
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IVI54571P 



6.UNIT 350mA TRANSISTOR ARRAY AND MOTOR DRIVER 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



' Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


8 




40 


V 


Vp 


Supply voltage 


4 




18 


V 


Vs 


Reference voltage 




10 




V 


Ic 


Collector current 


01~06 


0 




250 


mA 


01~06 


0 




100 


V|(1DF) 


Input voltage 








-35 


V 


9 




17 


V, 


IN1~IN6 


9 




17 


V 


Vo 


Output voltage 


Ol— 06 


0 




40 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20-+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


VbR(CEO) 


Output sustaining voltage 


Iced =100/^ A, Vp =5V, (01-07) 


40 






V 








Vp =6. 5V, V| =3V, Ic =250mA 






0.8 








07 


Vp =3V, V| =2. 4V, Ic = 120mA 






0.5 








Tn 


lB=lmA, lc=10mA, Vp=OV 






0.5 




VcE(sat) 


Collector emitter saturation voltage 


Tr2 


V|(iDF)=10V, lvs=100mA 






0.5 


V 






Tr3 


V|(vs) =3V, Ivz =30mA, V|,idf) =0V ^ 






0.4 








Tr4 


Ivs =50mA, Ivp =0. 3V, V|,idf) =0V 






0. 45 








Ivs =80mA, Ivp =1 A, V|(idf) =0V 






1.2 




1, 






Vp=6V, V|=10V, (IN1~IN6) 






3.5 


nnA 


l|(IDF) 


Input current 




V|(,DF)=10V 






6.5 


mA 


•l(Vs) 






V|(vs)=3V, V,(iDF) =0V 






26 


mA 


Ir(IDF) 


Input leakage current 


Vr(,df)=-35V 






-20 


fx^ 


Vf(D) 


Clamp diode forward voltage 


If{d) =250mA 






2.4 


V 




Supply current 


Vp=17V, V|=10V(all input) 






240 


mA 


'vp 


Vp =5V, V|=10V(all input) 






60 


hpE 1 


DC forward current gain 


Tr4 


Ic =50mA, VcE =4V, Tg =25°C 


100 








hpE 2 


DC fonward current gam 




lc=1A, VcE=4V,Ta= 25°C 


80 








hpE 3 


DC forward current gam 


01—07 


Vp =6. 5V, Ic =350mA, Vce =4V, Tg =25°C 


1000 









* : A typical value at Ta=25°C. 
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M54571P 



6-UNIT 3S0mA TRANSISTOR ARRAY AND MOTOR DRIVER 




MOTOR DRIVER OUTPUT 
SATURATION CHARACTERISTICS 



1.5 




0 05 10 15 20 25 



OUTPUT SATURATION VOLTAGE VcE(sat)(V) 



MAGNET RELAY DRIVER OUTPUT 
SATURATION CHARACTERISTICS 



Vi =3V 




°0 0.2 0.4 0.6 0.8 1.0 

OUTPUT SATURATION VOLTAGE VcE(sat)(V) 



TYPICAL APPLICATION 

Vb O^- 



T O- 




NOTE 





Vb 


Vzi 


Z2 


Magnet Relay 
Drive Current 


EPSON Printer 


15~40V 


18V 




90mA 


CITIZEN Printer 


3~9V 


6V 


connect between 
the Vp and the COM 


250mA 
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MITSUBISHI BIPOLAR DIGITAL IC 

M54572L 

TUNER BAND DECODER/DRIVER 



DESCRIPTION 

The M54572L is a semiconductor integrated circuit capable 
of switching four bands in TV and VTR tuners. 

FEATURES 

• Low output saturation voltage (VcE(sat)^0.5V at lo = — 
30mA). 

• High output sustaining voltage (BVceo^28V) 

• Four-bands switching 

APPLICATION 

Switching bands in TV and VTR tuners 
FUNCTION 

The IVi54572L is an IC suitable for four-band switching in 
TV and VTR tuners. Since the output (outputs 1~3) drives 
the power supply of each tuner band, a low saturation vol- 
tage (Vcc~Vo) becomes necessary. This need Is satisfied 
through a first stage configured of PNP transistors. 
Output 4 can be used for changing modes with the same 
power supply as the NPN transistor has an open collector 
output. 

The input mode can be switched between four modes as 
shown In the truth table. 

The selection mode can be altered by making a wired OR 
connection to outputs 1 3 when used as a three-band 
device. 



PIN CONFIGURATIONS (TOP VIEW) 


OUTPUTS 


03-^ [T 


0 






0UTPUT1 


Oi ^ [7 








INPUT B 










INPUT A 


INa-^[T 
GND ^ 




M54572L 




0UTPUT4 










0UTPUT2 










POWER SUPPLY 


Vcc |T 










Outline 


8P5 



TRUTH TABLE 



Input 


Output 


INa 


INb 




02 


03 


04 


0 


0 


1 


z 


z 


z 


0 


1 


z 


z 


1 


z 


1 


0 


z 


1 


z 


z 


1 


1 


z 


z 


1 


0 



Input "0" = IV (max.) 
"1" = 3V(min.) 



Output "0" = current sink 

"1" = current source 
"Z" = higli impedance 



BLOCK DIAGRAM 



INPUT B 
INb 



GND 

— G> 



INPUT A 
INa 



INPUT CIRCUIT 



INPUT CIRCUIT 



DECODER 




-(6>-<i> 



04 03 

OUTPUT 4 OUTPUTS 














DRIVER 



-<z> 



01 

OUTPUT 1 



POWER SUPPLY 
Vcc 




REGULATED 
CURRENT CIRCUIT 
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MITSUBISHI BIPOLAR DIGITAL IC 

M54572L 



TUNER BAND DECODER/DRIVER 



ABSOLUTE MAXIMUM RATINGS (Ta = 25c, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




18 


V 


VcEO 


Output sustaining voltage 




-0. 5 — h28 


V 


V, 


Input voltage 




18 


V 


'so 


Output source current 


01 -03 


-40 


mA 


Isi 


Output sink current 


04 


40 


mA 


Topr 


Operating temperature 




-10 — f-60 


°C 


Tstg 


Storage temperature 




-55 — 1-125 


"C 



RECOMMENDED OPERATING CONDITIONS da = 25c, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


12 




15 


V 


VcEO 


Output sustaining voltage 


0 




25 


V 


'so 


Output source current 


01-03 


0 




-30 


mA 


'si 


Output sink current 


04 


0 




30 


mA 


V,H 


High-level input voltage 


3 




Vcc 


V 


V.L 


Low-level input voltage 


0 




1 


V 



ELECTRICAL CHARACTERISTICS (Ta = 25c, Vcc = 12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditfons 


Limits 


Unit 


MIn 


Typ* 


Max 


'so(leak) 


Source output leakage current 


Vso=-12V 






-100 


mA 


Isi(leak) 


Sink output leakage current 


Vsi=25V 






100 


mA 


VsOH 


Source output High-level voltage 


lso~~30mA 


11.5 


11.8 




V 


VsiL 


Sink output Low-level voltage 


lsi=30mA 




0.2 


0.5 


V 


l|H 


High-level input current 


V|=3V 






10 


juA 


IlL 


Low-level input current 


V|=1V 






-100 


juA 


'cc 


Supply current 


Vcc=13V, V|A=3V, ViB=OV, output opened 






28 


mA 



* : A typical value at Ta=25°C. 



TYPICAL CHARACTERISTICS 



< 
E 



SOURCE OUTPUT SATURATION 
CHARACTERISTICS 



-40 



-30 



-20 



^ -10 

D 

o 















1 










Vc 


: =12 
















^ Ta 


=75° 






t 








la 


= -20°C ' 




J- 
















1 

1 J 


















/ 




/ 
















/ / 


/ 


















// 


















— r7 
// 


/ 



































50 



100 



150 



OUTPUT SATURATION VOLTAGE 

Vcc-Vo(mV) 



O 
I- 



o 



SINK OUTPUT SATURATION 
CHARACTERISTICS 



40 



30 



20 



J 1 

|Vcc =12V 

Ta =7 








/ 










1 

1 J 












. Ta =25°C 

Ta =-20r 


' / > 


















1 J 




















!n 


• 
















1 

n 


'/ 


















■P 

/// 
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MITSUBISHI BIPOLAR DIGITAL IC 

M54573L 

TUNER BAND DECODER/DRIVER 



DESCRIPTION 

The M54573L is a semiconductor integrated circuit capable 
of switching three bands in TV and VTR tuners. 

FEATURES 

• Low output saturation voltage (VcE(sat)^0.5V at lo= — 
30mA). 

• High output sustaining voltage (BVceo^28V) 
APPLICATION 

Switching bands In TV and VTR tuners 
FUNCTION 

The M54573L is an IC suitable for three-band switching in 
TV and VTR tuners. Since the output (outputs 1~3) drives 
the power supply of each tuner band, a low saturation vol- 
tage (Vcc~Vo) becomes necessary. This need is satisfied 
through a first stage configured of PNP transistors. 
Output 4 can be used for changing modes with the same 
power supply as the NPN transistor has an open collector 
output. 

The Input mode can be switched between three modes as 
shown in the truth table. The "o", "1" mode and the "1", 
"1" mode are the same modes. 

The selection mode can be altered by making an OR con- 
nection on outputs 1~3. 



PIN CONFIGURATIONS (TOP VIEW) 


OUTPUTS 


03-|T 


O 






0UTPUT1 










INPUT B 


INb--[T 








INPUT A 


INa--[T 
GND [T 




M54573L 




0UTPUT4 


04*-[? 








0UTPUT2 


02^(7 








POWER SUPPLY 


Vcc U 










Outline 


8P6 



TRUTH TABLE 



Input 


Output 


INa 


INb 


Oi 


02 


03 


04 


0 


0 


1 


z 


z 


0 


0 


1 


z 


z 


1 


0 


1 


0 


z 


1 


z 


z 


1 


1 


z 


z 


1 


0 



Input "0" = IV (max.) 
"l" = 3V(min.) 



Output "0" = current sink 

"1" = fcurrent source 
"Z" = high impedance 



BLOCK DIAGRAM INPUT B 

GND INb 

I (b) (4 J 




INPUT A 
INa 



INPUT CIRCUIT — I 



INPUT CIRCUIT 



DECODER 













DRIVER 





® <7) 



O4 O3 O2 O1 

OUTPUT 4 OUTPUT 3 OUTPUT 2 OUTPUT 1 



POWER SUPPLY 
Vcc 



REGULATED 
CURRENT 
CIRCUIT 
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MITSUBISHI BIPOLAR DIGITAL IC 

IVI54573L 



TUNER BAND DECODER/DRIVER 



ABSOLUTE MAXIMUM RATINGS da = 25c, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




18 


V 


VcEO 


Output sustaining voltage 




-0. 5 — h28 


V 


V| 


Input voltage 




18 


V 


•so 


Output source current 


01 ~03 


-40 


mA 


Isi 


Output sink current 


04 


40 


mA 


Topr 


Operating temperature 




-10 — h60 


'C 


Tstg 


Storage temperature 




-55— +125 





RECOMMENDED OPERATING CONDITIONS da = 25c, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


12 




15 


V 


VcEO 


Output sustaining voltage 


0 




25 


V 


'so 


Output source current 


01-03 


0 




-30 


mA 


■si 


Output sink current 


04 


0 




30 


mA 


V,H 


High-level input voltage 


3 




Vcc 


V 


V,L 


Low-level input voltage 


0 




1 


V 



ELECTRICAL CHARACTERISTICS (Ta = 25c, Vcc = 12V unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


'so(leak) 


Source output leakage current 


Vso=-12V 






-100 


juA 


'si(leak) 


Sink output leakage current 


Vsi=25V 






100 


uA 


VsOH 


Source output High-level voltage 


lso=~30mA 


11.5 


11.8 




V 


VsiL 


Sink output Low-level voltage 


lsi=30mA 




0.2 


0.5 


V 


■iH 


High-level input current 


V|=3V 






10 


juA 


IlL 


Low-level input current 


V,=1V 






-100 


fuA 


'cc 


Supply current 


Vcc=13V, V|A=3V, V|B=0V, output opened 






28 


mA 



* : A typical value at Ta=25°C 



TYPICAL CHARACTERISTICS 



SOURCE OUTPUT SATURATION 
CHARACTERISTICS 



-40 



-30 



-20 



H -10 

D 

o 

























V 


cc = 


2V 






1 

/ 

/ 










Ta 
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— *- 
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OUTPUT SATURATION VOLTAGE 

Vcc-Vo(mV) 



O 



o 



SINK OUTPUT SATURATION 
CHARACTERISTICS 



40 



< 

^ 30 



20 



10 



1 1 1 
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IViS4574P 



4.UNIT 700mA TRANSISTOR ARRAY WITH CLAIMP DIODE 



DESCRIPTION 

The M54574P is a semiconductor integrated circuit, con- 
sisting of four transistor circuits. Each circuit employs PNP 
and NPN transistors in a high-gain driver configuration. 



FEATURES 



|40V) 
= 700mA) 



• High withstand voltage (BVcEo^ 

• Large drive current (Ic (max) 

• Built-in clamp diode 

• Can be driven by the output of NMOS ICs 

• Wide operating temperature range (Ta=— 20 — |-75°C) 

APPLICATIONS 

Drivers for relays and small printers; digit drivers for LED 
displays and other display devices; power amplifiers 

FUNCTION 

Each of the fpur circuits consists of a PNP transistor con- 
nected to the input through a lOk© resistor and two NPN 
transistors at the output. 

A clamp diode is connected between the output and COM 
pins as a spike-killer. 

The maximum collector current is 700mA and the maximum 
collector-to-emitter voltage is 40V. The device operates on 
a low-level input. 



PIN CONFIGURATION (TOP VIEW) 



Vcc [L-T_ 

OUTPUT 1 Oi [T 1 

INPUT1 INi— [T^{>> 

V 

£ 



GND 



INPUT2 IN2-^|TH>' 
OUTPUT 2 Oz-^IT 
POWER SUPPLY Vcc [s] 



Ts] COM COMMON 
T5]-*04 OUTPUT 4 
^^^T?]'^ IN4 INPUT4 

1 { 

— , GND 

12] I 

<hTT]<^IN3 INPUT 3 
To]-^03 OUTPUTS 
T] COM COMMON 



Outline 16P4 



CIRCUIT SCHEMATIC 




oGND 



Resistance unit : Q, 
Note 1 . COM, Vcc> GND pins are shared by all circuits 

2 . The diodes shown by broken lines are parasitic 
and must not be used 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5+10 


V 


VcEO 


Collector— to— emitter voltage 




-0.5 1-40 


V 


V, 


Input voltage 




0— Vcc 


V 


Ic 


Collector current 




700 


mA 


Vr 


Clamp diode reverse voltage 




40 


V 


Pd 


Power dissipation 


Ta=25°C 


1.92 


W 


Topr 


Operating temperature 




-20 h75 


°C 


Tstg 


Storage temperature 




—55— + 125 


"C 



RECOMMENDED OPERATllSlG CONDITIONS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


6 


V 


Ic 


Collecter current 
(per circuit, all circuits 
conducting simultaneously) 


Vcc^ev, V,N=1.4V 
Duty cycle less than 50% 






400 


mA 


V,H 


High-level input voltage 


lc=50/^A, Vcc=5V 


Vcc-0. 7 




Vcc 


V 


V,L 


Low-level input voltage 


lc=400mA, Vcc=5V 


0 




Vcc-3. 6 


V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54574P 



4-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE 



ELECTRICAL CHARACTERISTICS (Ta=-20-7l-75°C. unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


IVIin 


Typ* 


Max 


Vbr(ceo) 


Collector— to— emitter breakdown voltage 


Iceo=100a^A, Vcc=5V, V,n=4. 3V 


40 






V 


VcE(sat) 


Collector— to— emitter saturation voltage 


lc=400mA, Vcc=5V, V|n=1.4V 






0.5 


V 


Ice 


Supply current 


All circuits conducting simultaneously 






150 


mA 


V,N 


Input current 


ViN=Vcc-3. 6V, Vcc=5V 


-170 


-290 


-500 


A^A 


Vf 


Clamp diode forward current 


If= 700mA 




1.5 


2.4 


V 


Ir 


Clamp diode reverse current 


Vf=40V^ 






100 


juA 


hpE 


DC current amplification 


VcE=4V, lc=400mA, Vcc=10V 
Ta=25r 


1000 


2500 







* : Typical values are at Ta=25°C . 



TYPICAL CHARACTERRISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 

1.0 



2S 



0. 75 



^ z 

O O 0.5 

UJ Ql 

1^0.25 




500 



400 



300 



200 



100 



OUTPUT CURRENT 
CHARACTERISTICS 







1 1 

Vcc= 5 V 
















VCE 


= 4 






































Ta= 

X — 


=75t 

-ocv 














la 

Ta=-20°C 

















































































































25 



50 



75 



100 



0.5 



1.5 



AMBIENT TEMPERATURE Tg (°C ) 



-V,N (V) 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

lOOOr 



< 
E 



o 

O 
I- 

o 



800 



600 



400 



200 




• The collector current per output is shown - 

• Repetition freqency ^ 1 0Hz [ | | 



• The circled number indicates the number 
—of outputs conducting sumultaneously ■ 

• Ta=25°C I I I I I I 
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• Repetition freqency ^ lOHz | | | 



• The circled number indicates the number 
— of outputs conducting sumultaneously 
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IVI5457SP 



8-UNIT ISOmA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



DESCRIPTION 

The M54575P is a semiconductor integrated circuit, con- 
sisting of eight sink drivers. Each employs PNP and NPN 
transistors to form a high-current gain driver. 

FEATURES 

• Medium withstand voltage (BVceo^25V) 

• Large drive current (Ic (max) =150mA) 

• Built-in clamp diode 

• Can be driven by the output of NMOS ICs 

• Wide operating temperature range (Ta=— 20 — f-75°C) 

APPLICATIONS 

Drivers for relays and small printers; digit drivers for LED 
displays and other display devices. 

FUNCTION 

Each of the eight circuits consists of a PNP transistor con- 
nected to the input through a 4. 8ko resistor, an NPN output 
transistor, and another pair of transistors at the strobe input. 
A clamp diode is provided as a spike killer. The emitter of 
the output transistor is connected to GND (pin 11), the 
strobe input to pin 1, the clamp diode to COM (pin 20) and 
Vcc to pin 10. 

The maximum collector current is 150mA and the maximum 
collector-to-emitter voltage is 25V. The input voltage range 
Is O to lOV. 



PIN CONFIGURATION (TOP VIEW) 



STB -* |T 



IN7 
INs 

Vcc 



[I-=op-ill 

IN6-*-[T_X>^-T4] 



[?— 4I>^]2]-08 
[]o| TT] GND 



20I COM COMMON 
O1 
O2 
O3 
O4 
O5 
Oe 
O7 



OUTPUTS 



Outline 20P4 



CIRCUIT SCHEMATIC 




INPUT o 

STROBE INPUT 
STB 



Unit : n 

Note 1 . COM, STB, Vcc and GND pins are shared by all circuits 
2 . The diodes shown by broken lines are parasitic 
and must not be used 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 hlO 


V 


VCEO 


Collector— to— emitter voltage 




25 


V 


V| 


Input voltage 




0~Vcc 


V 


Ic 


Collector current 




150 


mA 


Vr 


Clamp diode reverse voltage 




25 


V 


Pd 


Power dissipation 


Ta=25°C 


580 


mV 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55~+125 





RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


1.2 


3 


6 


V 


Ic 


Collecter current 
• (per channel current) 


Vcc=3V 

Percent duty cycle 
less than 80% 


0 




100 


mA 


V,H 


High-level input current 


Vcc-0.4 




Vcc 


V 


V|L 


Low-level input current 


0 




Vcc-1.2 


V 
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M54575P 



8-UNIT 150mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



ELECTRICAL CHARACTERISTICS (Ta 20~+75°C. unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Min 


Typ* 


Max 


Vbr(ceo) 


Collector— to— emitter breakdown voltage 


Iceo=100a<A, Vcc=10V 

V|N=VsTB=9.6V 


25 






V 


VcE(sat) 


Collector— to— emitter saturation voltage 


lc=100mA, Vcc=3V 
ViN=lV, VsTB=2. 6V 




0.2 


0.5 


V 


'cc 


Supply current 


Output per channel 

lc=OmA 

VsTB=Vcc 


Vcc=6V 

V|N=1V 




7.6 


17.0 


mA 


Vcc=3V 

V|N = 1V 




3.3 


7.0 


V,u 


Low-level input voltage 


Vcc=3V, V,L=1V, lc=OmA 


-100 


-270 


-500 


/.A 


Vcc=6V, V|L=0V, lc=OmA 




-1.1 


-2.0 


mA 


Vf 


Clamp diode forward current 


If= 150mA 




1.5 


2.4 


V 


Ir 


Clamp diode reverse current 


Vr=25V 






100 


//A 




DC current amplification 


VcE=4V, lc= 100mA, Vcc=10V 
Ta=25°C, VsTB=Vcc 


1000 


2500 







* : Typical values are at Ta=25°C. 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWOR DISSIPATION 

1.0 
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OUTPUT CURRENT 
CHARACTERISTICS 
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AMBIENT TEMPERATURE Ta CC ) 



INPUT VOLTAGE Vcc-V.n (V) 



INPUT CHARACTERISTICS 
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IVIS4S76P,FP 

7-UNIT 30mA TRANSISTOR ARRAY ("L" ACTIVE INPUT) 



DESCRIPTION 

The M54576P, FP, 7-channel sink driver, consists of 28 NPN 
transistors connected to form high current gain driver pairs. 

FEATURES 



30V output breakdown 

30mA output sink current capability 

CIVIOS compatible input 

Low output saturation voltage 

Wide operating temperature range (Ta=— 20- 



'+75°C) 



APPLICATION 

LED or incandescent display digit driver 
FUNCTION 

The M54576P, FP is comprised of seven NPN inverters with 
diodes and 23k CI resistors in series to the input and non 
darlington NPN sink drivers. The output is turned ON by 
switching the input low. The outputs are capable of sinking 
30mA and will withstand 30V in the OFF state. The M54576FP 
features a small flat mold package. 



PIN CONFIGURATION (TOP VIEW) 




Outline 16P2 (M54576FP) 
Outline 16P4 (M54576P) 



CIRCUIT SCHEMATIC 



INPUT O- 



23 k 




OUTPUT 



1 22k i 




:22k 


1 
1 

i 








1 
1 








-i-r 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — hi 3 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0.5~+30 


V 


Ic 


Collector current 


Transistor ON 


30 


mA 


V, 


Input voltage 




-20 h13 


V 


Pd 


Power dissipation 


Ta=25°C 


1 . 47/0. 56 


W 


Topr 


Operating temperature 




-20 1-75 


°C 


Tstg 


Storage temperature 




-55 hi 25 





RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


MIn 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


13 


V 


ic 


Collector current per channel 


0 


10 


20 


mA 


V,H 


"H" Input voltage 


3 




Vcc 


V 


V,L 


"L" Input voltage | lc=20mA 


0 




1 


V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54576P,FP 



7.UNIT 30mA TRANSISTOR ARRAY ( "L" ACTIVE INPUT) 



ELECTRICAL CHARACTERISTICS da 20~+75lC, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit ^ 


Min 


Typ* 


Max 


'o(leak) 


Output leakage current 


VcE=30V, V|=3V, Vcc=6V 






100 


UitK 


VcE(sat) 


Output saturation voltage 


Vcc=4. 5V, V|=1V, lc=10mA 




0. 02 


0.25 


V 


Vcc=6V, V,=1V, lc=20mA 




0. 04 


0. 35 


1, 


Input current 


Vcc=4. 5V, V,=3V 


30 


60 


90 


luk 


'cc 


Supply current 


Vcb=4. 5V, V,=1V 






6.3 


mA 


Vcc=13V,V|=lV 






18 


hpE 


DC forward current gam 


VcE=4V, Vcc=4. 5V, lc=20mA, Ta=25°C 


500 


1200 







* : Typical values are at Ta=25°C. 



TYPICAL CHARACTERISTICS 
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OUTPUT CURRENT 
CHARACTERISTICS 
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IVIS4577P,FP 



7-UNIT 30mA TRANSISTOR ARRAY 



DESCRIPTION 

The M54577P, FP, 7-channel sink driver, consists of 14 NPN 
transistors connected to form high current gain driver pairs. 

FEATURES 

• Output breakdown voltage to 30V 

• Output sink current to 30mA 

• PMOS, CMOS Compatible input 

• Low output saturation voltage 

• Wide operating temperature range (Ta =—20 — |-75''C ) 
APPLICATION 

LED or incandescent display digit driver 
FUNCTION 

The M54577P, FP uses a predriver stage with a diode and 
23k n resistor in series to the inpuL The power supply of the 
predrivers is connected to pin 9 . The outputs are capable of 
sinking 30mA and will withstand 30V in the OFF state. The 
M54577FP features a small flat mold package. 



PIN CONFIGURATION (TOP VIEW) 



INWOI 
IN2 — [2 
IN3-^II 
IN4-^|T 
IN5 — [5 
IN6-^[6 
IN7-^[I- 
GND E 



~C7" 

-t»- 
-|>>- 



m-^ 01 

11—02 
03 

iH-^ 04 
in— 05 

13"^ 06 
12]— 07 
U Vcc 



Outline 16P2 (M54577FP) 
Outline 16P4 (M54577P) 



CIRCUIT SCHEMATIC 



INPUT c 




OUTPUT 



-O GND 



The diodes shown by broken line are 
parasite diodes and nnust not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C. umess otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.5~+13 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — 1-30 


V 


Ic 


Collector current 


Transistor ON 


30 


mA 


V, 


Input voltage 




-20 — [-13 


V 


"•"opr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 


"C 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


13 


V 


Ic 


Collector current per channel 


0 


10 


20 


mA 


V.H 


"H" Input voltage j lc=20mA 


3 




Vcc 


V 


V,L 


"L" Input voltage 


0 




1 


V 



A MITSUBISHI 
ELECTRIC 



2-259 



MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54577P,FP 



7-UNIT 30mA TRANSISTOR ARRAY 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


IVlax 


'o (leak) 


Output leak current 


VcE =30 V 






100 


/u^ 


VcE (sat) 


Output saturation voltage 


Vcc =4. 5 V, V| =3 V, Ic =10 mA 






0. 25 


V 


Vcc =6 V, V| =3 V, Ic =20 mA 






0. 35 


1, 


Input current 


Vcc =4. 5 V, V| =3 V 


30 




90 




'cc 


Supply current per channel 
(an only output conducting) 


Vcc =4. 5 V, V| =3 V 




0.4 


0.9 


mA 


Vcc =13 V, V| =3V 




1.3 


2.3 




DC forward current gain 


VcE =4 V, Vcc =4. 5 V, Ic =20 mA, Tg =25°C 


500 


1200 







* : Typical values are at Ta=25°C. 



TYPICAL CHARACTERISTICS 

OUTPUT CURRENT 
CHARACTERISTICS 
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iVI54578P 



6-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



DESCRIPTION 

The M54578P, 6-channel sink driver, consists of 12 NPN tran- 
sistors connected to form high current gain driver pairs. 

FEATURES 

• 20V breal<down 

• High output sink current to 700nnA 

• PMOS Compatible 

• Wide operating temperature range (Ta = —20 — |-75°C ) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver, Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The M54578P uses a predrlver stage. Each input has a diode 
and 2 kn resistor in series to allow a negative voltage input. 
All input can be controlled simultaneously by a strobe input 
at pin 1 . The power supply of the predrivers is connected to 
pin 16. Each output has an integral diode for inductive load 
transient suppression and the cathodes of the diodes are 
connected to pin 9 . All emitters and the substrate are con- 
nected together to pin 8 . The outputs are capable of sinking 
700mA and will withstand 20V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 

STB 
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IN2 



-En 



IN3 
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The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 hlO 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — 1-20 


V 


Ic 


Collector current 


Transistor ON 


700 


nnA 


V, 


Input voltage 




-25 — h20 


V 


V|(STB) 


Strobo input voltage 




-0.5—1-20 


V 


Vr(D) 


Clamp diode reverse voltage 




20 


V 


'f(D) 


Clamp diode fonward current 


Pulse width^35ms, Duty cycled 5 % 


700 


mA 




350 


Pd 


Power dissipation 


Ta=25°C 


1.47 


W 


Topr 


Operating temperature 




-20 — f-75 


°C 


Tstg 


Storage temperature 




-55 — hi 25 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54578P 

6-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


3 


5 


8 


V 


Vo 


Output voltage 


0 




20 


V 


Ic 


Collector current 
per channel 


The three outputs conducting 
simultaneously 

Percent duty cycle less than 20% 


0 




700 


mA 


The three outputs conducting 
simultaneously 

Percent duty cycle less than 90% 


0 




200 


V|H(STB) 


"H" Input voltage (strobe input) 


2.4 




Vcc 


V 


V|L(STB) 


"L" Input voltage (strobe input) 


0 




0.2 


V 


V,H 


"H" Input voltage 


lc=450mA, Vcc=5V 


3.5 




Vcc 


V 


lc=700mA, Vcc=6V 


5 




Vcc 


V,L 


"L" Input voltage 


lo(leak)=50/^A 


0 




0.8 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V{BR)CEO 


Output sustaining voltage 


Vcc=7V, V,(STB)=0. 4V 
V|=3.5V, lcEO=100/^A 


20 






V 


VcE(sat) 


Collector-emitter saturation voltage 


Vcc=5V 
V|=3. 5V 


lc=450mA 




0.5 


0.8 


V 


lc=200mA 




0. 23 


0.45 


li 


Input current 


Vcc=7V, V|=3. 5V 
V|(STB)=2. 4V 




0.6 


1.4 


mA 


Ir 


Input leakage current 


Vcc=7V, Vr=-25V 






-20 


juA 


'l(STB) 


Strobe input current 


Vcc=7V, V|(STB)=0. 4V 
Vi=3.5V (all input) 




—7.2 


-10.7 


mA 


Ir(STB) 


Strobe input leakage current 


Vcc=7V, V|=OV, V,(STB)=20V 






20 


mA 


Vf(D) 


Clamp diode forward current 


lF(D)=600mA 




1.6 


5 


V 


Vr(d) 


Clamp diode reverse voltage 


Ir,D)=100;UA 


20 






V 


'cc 


Supply current 


Vcc=8V, V|(STB)=2. 4V 
V,=3.5V(all input) 




220 


320 


mA 




DC forward current gam 


Vcc=5V 

VcE=4V, lc=450mA, Ta=25°C 


2000 


10000 







* : Typical values are at Ta=25°C. 



2-262 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54578P 



6-UNIT 700mA TRANSISTOR ARRAY WITH CLAMP DIODE AND STROBE 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 
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DC CURRENT GAIN 
CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4580P 

7-UNIT 150mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54580P, 7-channel source driver, consists of 7 PNP 
and 7 NPN transistors connected to form high current gain 
driver with PNP action. 

FEATURES 

• High output sustaining voltage to 50V 

• High output source current to 150mA 

• Wide operating temperature range (Ta =—20 — |-75°C ) 

APPLICATION 

Relay and printer driver, LED, incandescent or fluorescent 
display driver, Interfacing for standard MOS/BIPOLAR logics 

FUNCTION 

The M54580P is comprised of seven PNP-NPN darlington 
source driver pairs with a diode and 7 kO. resistor in series 
to the input. The output is turned ON by switching the input 
low. Each output has 50kn pull-down resistor suitable for 
driving fluorescent displays. The outputs are capable of driv- 
ing 100mA and are rated for operation with output voltage up 
to 50V. 



PIN CONFIGURATION (TOP VIEW) 
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CIRCUIT SCHEMATIC 
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-O OUTPUT 
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The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : a 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vs 


Supply voltage 




—0. 5~+50 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


—0. 5 — h5G 


V 


V, 


Input voltage 




0~Vs 


V 


lo 


Output current per channel 


Transistor OFF 


— 150 


mA 


Pd 


Power dissipation 


Ta =25°C 


1.47 


W 


Topr 


Operating temperature 




— 20~+75 


°C 


Tstg 


Storage temperature 




— 55~+125 


•c 
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IVI54580P 



7-UNIT ISOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vs 


Supply voltage 


4 




50 


V 


lo 


Output current 
per channel 


All outputs conducting simultaneously 
Percent duty cycle less than 85% 


0 




-100 


mA 


All outputs conducting simultaneously 
Percent duty cycle less than 100% 


0 




-50 


V,H 


"H" Input voltage 


lo(leak)=50M 


Vs-0.4 




Vs 


V 




"L" Input voltage 


lo= -100mA 


0 




Vs-3.2 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


lcEo = 100//A 


50 






V 


VcE(sat) 


Output saturation voltage 


Vi = Vs-3. 2V . 


lo=-100mA 




0.9 


1.5 


V 


lo=-50mA 




0.8 


1.2 


1, 


Input current 


V, = Vs-3. 5V 




-0.3 


-0.6 


mA 


V, = Vs-6V 




-0. 65 


-0. 95 


Ir 


Input leakage current 


V, =40V 






100 


/.A 


hpE 


DC forward current gain 


VcE =4V, Vs =10V, Ic =-100mA, T9=25°C 


800 


3000 







* ' Typical values are at Ta=25°C. 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 
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7-UNIT ISOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE OUTPUT CURRENT 
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MS4S81P 

8-UNIT 500mA SOURCE TYPE 
DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54581P, 8-channel source driver, consists of 8 NPN 
and 8 PNP source type darlington transistors connected to 
form high current gain driver. 

FEATURES 

• High output sustaining voltage to 50V (BVceo>50V) 

• High output source current to 500mA 

(lo(max) = -500mA) 

• "L" active input level 

• Internal input diode 

• Integral clamp diode for transient suppression 

• Wide operating temperature range (Ta=— 20 — 1-75°C) 

APPLICATION 

Relay and printer driver, LED or incandescent or fluores- 
cent display driver. Interfacing for standard MOS/BIPOLAR 
logics and interfacing for relay, solenoid or small printer 

FUNCTION 

The M54581P is composed of 8 PNP and 8 NPN source 
type darlington transistors. A diode and a resistor of 7kn is 
connected between the input pin and the base of PNP tran- 
sistor. The emitter and the collector of NPN transistor are 
connected to Vs (pin 9), and the output NPN transistors are 
in darlington configuration. An integral clamp diode is in- 
serted between each output and GND, and Vs (pin 9) and 
GND (pin 10) are common to the 8 circuits. 
The outputs are capable of driving 500mA and are rated for 
operation with output voltage up to 50V. 
The device is activated with "L" level input. 



PIN CONFIGURATION (TOP VIEW) 



IN1 -♦[T-<^ 

IN2->[T-<> 



»N4-[i-t>-[j^ 



IN7- 
IN8- 



Vs E 



IN5-[5;-<t>-Jj^- 



17l-*02 
26]-^03 
T5|-^04 
]4]-*05 

►07 
►08 



To] GND GND 



Outline 18P4 



CIRCUIT SCHEMATIC (EACH CIRCUIT) 



INPUT 




-T O Vs 



-O OUTPUT 



-O GND 



Vs and GND are common to the 8 circuits 

The diodes shown by brol<en line are parasite diodes and 
must not be used. 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Output IS in "L" 


-0. 5 — 1-50 


V 


Vs 


Supply voltage 




-0. 5 — h50 


V 


V, 


Input voltage 




0~Vs— 30 


V 


lo 


Output current 


Per channel current at "H" output 


-500 


nnA 


If 


Clamp diode forward current 


Per channel current 


-500 


nnA 


Vr 


Clamp diode reverse voltage 




-0. 5 — 1-50 


V 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




—20 — h75 


°C 


Tstg 


Storage temperature 




—55 — 1-125 
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M54581P 

8-UNiT 500mA SOURCE TYPE 
DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta 20+75 C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 




Min 


Typ 


Max 


Unit 


Vs 


Supply voltage 




0 




50 


V 




Output current per channel 


Percent duty cycle less than 8% 


0 




-350 




lo 


Percent duty cycle less than 55% 


0 




-100 


mA 


V,H 


"H" Input voltage 


lo(leak)=~50^A 


Vs-0. 7 




Vs 


V 




"L" Input voltage 


lc= -350mA 


0 




Vs-3.6 


V 


ELECTRICAL CHARACTERISTICS (Ta=-20+75r. unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


'ceo 


Output leakage current 


VcEo=50V 






-100 


UA 


VcE(sat) 


Output saturation voltage 


V,=Vs-3.2V, lo=-100mA 




1.6 


2.0 


V 


V,=Vs-3.6V, lo=-350mA 




1.8 


2.4 




Input current 


V|=Vs-3. 6V 




-320 


-600 


uA 


1, 


V|=Vs-15V 






-3.2 


mA 


Vr 


Clamp diode reverse voltage 


Ir=100/^A 


50 






V 


Vf 


Clamp diode forward voltage 


If= -350mA 






-2.4 


V 



* .' A Typical values are at Ta=25°C 



TYPICAL CHARACTERISTICS 
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8-UNiT 500mA SOURCE TYPE 
DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



ALLOWABLE OUTPUT CURRENT ALLOWABLE OUTPUT CURRENT 

AS A FUNCTION OF DUTY CYCLE AS A FUNCTION OF DUTY CYCLE 




DUTY CYCLE {%) DUTY CYCLE {%) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

iVI54583P 

8-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



PIN CONFIGURATION (TOP VIEW) 



IN1 -^[T 




Is]-* 01 


IN2-^|T 




Tt]— 02 


IN3 — |T 




16]— 03 


IN4 — [T 




Ti]— 04 


IN5->[? 




24]-* 05 


IN6-*|T 




13]— 06 


IN7 — [7 




TU-^o? 


IN8-^[T 




TTJ— 08 


GND [T 




Jo] Vcc 



Outline 18P4 



DESCRIPTION 

The M54583P, 8-channel source driver, is composed of 16 
NPN and PNP current sinl< darlington transistors which form 
high current gain driver pairs at low input current. 

FEATURES 

• High output sustaining voltage to 50V 

• High output source current to 400mA 

• "L" active level input 

• Internal input diodes 

• Wide operating temperature range (Ta=— 20~H-75°C ) 
APPLICATION 

Interfacing for microcomputer and high voltage and high 
current driver system, Interfacing for standard MOS/BIPO- 
LAR logics, Relay 

FUNCTION 

The driver of the M54583P is composed of an input circuit 
of the M54523P with additional PNP transistors and "L" ac- 
tive input. A resistor of 7kQ. is connected between the input 
and the base of PNP transistors. The input diode is in- 
tended to prevent the flow of current from the input to the 
Vcc- Without this diode, the current flows from "H" input to 
the Vcc and the "L" input circuit is activated, in such a case 
where one of the inputs of the 8 circuits is "H" and the 
others are "L" to save power consumption. The diode is in- 
serted to prevent such misoperation. 
The outputs are capable of driving 400mA and are rated for 
operation with output voltage up to 50V. 
This device is most suitable for a driver using NMOS IC 
output, especially for the driver of current sink. 



CIRCUIT SCHEMATIC (EACH CIRCUIT) 




Vcc and GND are common to the 8 pairs. 

The diodes shown by broken line are parasite diodes and 

must not be used. 

Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions / 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — hlO 


V 


VCEO 


Ounput sustaining voltage 


Transistor OFF 


-0. 5 — 1-50 


V 


V, 


Input voltage 




-0. 5~Vcc 


V 


Ic 


Collector current per channel 


Transistor ON 


400 


mA 


Pd 


Power dissipation 


Ta=25r 


1.79 


W 


Topr 


Operatlng'temperature 




-20 — 1-75 


"C 


Tstg 


Storage temperature 




-55 — 1-125 


"C 
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8-UNIT 400mA DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATING CONDITONS (Ta=-20'-+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


8 


V 


'c 


Collector current per channel 


Percent duty cycle less 
than 10%. Vcc=5V 


0 




350 


mA 


Percent duty cycle less 
than 3A%, Vcc=5V 


0 




200 


V,H 


"H" Input voltage 


lo(ieak)^50;^A 


Vcc-0. 7 




Vcc 


V 


V,L 


"L" Input voltage 


lc^350mA 


0 




Vcc-3. 6 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75'C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


•o(leak) 


Output leakage current 


VcEo=50V 






100 


//A 


VcE(sat) 


Output saturation voltage 


Vi=Vcc-3. 6V 


lc=350mA 




1.1 


2.2 


V 


lc=200mA 




0. 98 


1.6 


li 


Input current 


Vi=Vcc-3.6V 




-320 


—600 


juA 


•cc 


Supply current (an only input) 


Vcc=5V, V,=Vcc-3.6V 






3 


mA 




DC forward current gain 


VcE=4V, Vcc=5V, lc=350mA, Ta=25°C 


2000 









* : Typical values are at Ta=25t^. 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 
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8-UNIT 350mA TRANSISTOR ARRAY 



DESCRIPTION 

The M54584P, 8-channel sink driver, consists of 16 NPN 
transistors connected to form high current gain driver pairs 
with low input current. 

FEATURES 

• High output sustaining voltage to 20V 

• High output sink current to 350mA 

• PMOS IC output for drive 

• Low output saturation voltage 

(VcE(sat)=0.5Vat lc=250mA) 

• Wide operating temperature range (Ta=— 20 — h75°C) 

APPLICATION 

Relay and thermal printer dot driver, LED or incandescent 
display digit driver. Interface for MOS-bipolar logic ICs 

FUNCTION 

The M54584P is composed of eight NPN transistors with 
the emitters of output transistors connected to GND pin 
(pin 9) . The collectors of NPN predriver transistors are 
connected to the Vcc (pin 10) via a resistor of 400 fi . The 
outputs are capable of sinking 350mA and will withstand 
20V between collector and emitter. 



PIN CONFIGURATION (TOP VIEW) 




Outline 18P4 



CIRCUIT SCHEMATIC (EACH CIRCUIT) 



2k 

INPUT o WV- 



400 

-AVV- 



C7 



-<5 OUTPUT 



1 



20k < 



2k ^ 



I I 

I I 

i A oGND 



Vcc and GND are all common to 8 circuits. 

The diodes shown by broken line are parasite diodes and 

must not be used 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




— 0. 5~+10 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — 1-20 


V 


Ic 


Collector current per channel 


Transistor ON 


350 


vnA 


V, 


Input voltage 




-0. 5 — hlO 


V 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tsqg 


Storage temperature 




-55 — hi 25 
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M54584P 



8-UNIT 3S0mA TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


3 


5 


8 


V 


Vo 


Output voltage 


0 




20 


V 


Ic 


Collector current 
per channel 


Percent duty cycle 

less than 45%, Vcc=6. 5V 






250 


mA 


Percent duty cycle 

less than 70%. Vcc=6.5V 






150 


V,H 


"H" Input voltage 


lc^250mA 


3 




Vcc 


V 


V,u 


"L" Input voltage 


lo(leak)^50//A 


0 




0.4 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75r, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


'o(leak) 


Output leakage voltage 


Vcc=8V, VcE=20V 






100 




VcE(sat) 


Output saturawlon voltage 


Vcc=6. 5V, V|=3V, lc=250mA 




0.3 


0.5 


V 


Vcc=3V, V|=3V, lc= 150mA 




0.17 


0. 35 


1, 


Input current 


Vcc=8V, V,=3V 




0.7 


1.5 


mA 


Vcc=8V. V|=10V 




4.3 


7.3 


ice 


Suppiv current (all output ON) 


Vcc=8V, V,=3V 






220 


mA 




DC forward current transter ratio 


Vcc=6. 5V, VcE=4V, lc=250mA, Ta=25°C 


1000 


7000 







* : Typical values are at Ta=25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 
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8-UNIT 3S0mA TRANSISTOR ARRAY 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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• The current is shown by the value per output 

• Repetitive Frequency^ 10Hz 

• The number in O is the number of outputs 
conducting simultaneously 

• Ta=25°C 
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conducting simultaneously 
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M54585P 



8-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54585P, 8-channel sink driver, consists of 16 NPN 
darlington transistors with internal clamp diodes connected 
to form high current gain driver pairs with low input current. 

FEATURES 

• High output sustaining voltage to 50V 

• High output sink current to SOOmA 

• Built-in clamp diode 

• TTL, PMOS IC output for drive 

• Wide operating temperature range (Ta=— 20~-|-75°C ) 
APPLICATION 

Relay and small printer driver, LED or incandescent display 
digit driver, Output for microcomputer and interface with 
high voltage system 



PIN CONFIGURATION (TOP VIEW) 



IN1 - 
IN2- 
IN3- 
IN4- 
IN5- 



I NT- 
INS - 



GND [? 



II -l>3 23-02 

[T-t>>f—- 161-03 

[I-l>t:^-2i] 



To] 



06 



►07 
►08 

COM COMMON 



Outline 18P4 



FUNCTION 

The M54585P is composed of eight NPN darlington transis- 
tor pairs. A resistor of 2.7k is connected between the 
base of input transistor and the input pin. 
A clamp diode for inductive load transient suppression is 
connected for the output pin (collector) and COM pin (pin 
10). All emitters of the output transistors are connected to 
GND (pin 9). 

The outputs are capable of sinking SOOmA and will with- 
stand 40V between collector and emitter. 



CIRCUIT SCHEMATIC (EACH CIRCUIT) 



2.7I< 

INPUT ° T — — T 

I 7. 2k I 



I I 
I I 



-^OUTPUT 



I I 

-4 — i oGND 



3k 



COM and GND are all common to 8 circuits. 

The diodes shown by broken line are parasite diodes and 

must not be used. 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-^20+75C, unless otherwise noted) 



Symbol 


Parameteter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — h50 


V 


Ic 


Collector current per channel 


Transistor ON 


500 


mA 


V, 


Input voltage 




-o.s-'+ao 


V 


If 


Clamp diode forward voltage 




500 


mA^ 


Vr 


Clamp diode reverse current 




-0. 5 — 1-50 


V 


P 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20~+75 


"C 


Tstg 


Storage temperature 




-55 — 1-125 


r 
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8-UNIT SOOmA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vo 


Output voltage 


0 




50 


V 


1, 


Collector current per channel 


Percent duty cycle less 
than 6% 


0 




400 


mA 


Percent duty cycle less 
than 34% 


0 




200 


V,H 


"H" Input voltage 


lc=400mA 


3. 85 




30 


V 


lc=200mA 


3.4 




30 




"L" Input voltage 


lo(leak)=50//A 


0 




0.6 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75C, unless otterv^lse noted) 



Symbol 


Parameter 


Test condittons 


Limits 


Unit 


Mm 


Typ* 


Max 


lo(leak) 


Output leakage current 


VcE=50V 






100 


//A 


VcE(sat) 


Output saturation voltage 


V|=3. 85V, lc=400mA 




1.3 


2.4 


V 


V|=3. 85V, lc=200mA 




1.0 


1.6 


1, 


Input current 


V|=3.85V 




0. 95 


1.8 


mA 


V|=25V 




11 


18 


Vf 


Clamp diode forward voltage 


lF=400mA 




1.5 


2.4 


V 


Ir 


Clamp diode reverse voltage 


Vr=50V 






100 


/.A 




DC fonward current transter ratio 


Vcc=4V, lc=350mA, Ta=25°C 


1000 


2500 







* : Typical values are at Ta=25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 



OUTPUT CURRENT 
CHARACTERISTICS 
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8-UNIT 500mA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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8-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The 54586P, 8-channel source driver, consists of 8 NPN 
and 8 PNP source type darlington transistors connected to 
form high current gain driver. 

FEATURES 

• High output sustaining voltage to 50V 

• High output source current to SOOmA 

• "L" active input level 

• Internal input diode 

• Wide operating temperature range (Ta=— 20~+75°C) 
APPLICATION 

Relay and printer driver, LED or incandescent or fluores- 
cent display driver. Interfacing for standard MOS/BIPOLAR 
logics and interfacing for relay, solenoid or small printer 

FUNCTION 

The M54586P is composed of 8 PNP and 8 NPN source 
type darlington transistors. A diode and a resistor of 7k H is 
connected between the input pin and the base of PNP tran- 
sistors. The emitter of the transistor and the collector of 
NPN transistor are connected to Vs (pin 9), and a resistor 
of 50k fl is connected between each output pin and GND 
pin (pin 10). 

The outputs are capable of driving 500mA and are rated for 
operation with ortput voltage up to 50V. 
The device is activated with "L" level input. 



PIN CONFIGURATION (TOP VIEW) 



IN1 



N2 |T -c^-^^ - 17] 02 



IN8- 

Vs 



I N4 Q] -c^-^— - ji] 04 
IN6 [T -c^~|— - Ts] 06 



|T '-jO] GND 



Outline 18P4 



CIRCUIT SCHEMATIC (EACH CIRCUIT) 



:7k 



INPUT <>- 



-H-^A/v- 
7k 



7k: 



< 



3k 

-AAAr- 



50k < 



-I — o OUTPUT 

I 
I 

— oGND 



Vs and GND are common to the 8 circuits. 

The diodes shown by broken line are parasite diodes and 

must not be used. 

Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vs 


Supply voltage 




—0. 5 — 1-50 


V 


VcEO 


Output sustaining voltage 


Output is in "L" 


-0. 5 — 1-50 


V 


V, 


Input voltage 




-0. 5 — hVs 


V 


lo 


Output current 


Per channel current at "H" output 


-500 


mA 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20 — h75 


"C 


Tstg 


Storage temperature 




—55 — 1-125 


°C 
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8-UNiT 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (Ta 20^+75 C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vs 


Supply voltage 


4 




50 


V 


lo 


Output current 

per channel when 8 outputs 

are conducting simultaneously. 


Percent duty cycle 
less than B% 


0 




-350 


mA 


Percent duty cycle 
less than 60% 


0 




-100 


V,H 


"H" Input voltage 


lo(leak)^50/^A 


Vs-0. 7 




Vs 


V 


V,L 


"L" Input voltage 


lo^ -350mA 


0 




Vs-3.6 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75r, unless otherwise notted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


MIn 


Typ* 


Max 


•o(leak) 


Output leakage voltage 


VcEo=50V 






-100 


juA 


VcE(sat) 


Output saturation voltage 


V|=Vs-3.2V, lo=-100mA 




1.6 


2.0 


V 


V|=Vs-3.6V, lo=-350mA 




1.8 


2.4 


1, 


Input current 


V|=Vs-3.6V 




-320 


-600 


juA 


V|=Vs-15V 




-1.6 


-3.2 


mA 




Collector-emitter saturation voltage 


VcE=4V, Vs=20V, lo= -350mA, Ta=25°C 


800 


3500 







* Typical values are at Ta=25°C . 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE OUTPUT CURRENT 

POWER DISSIPATION CHARACTERISTICS 




AMBIENT TEMPERATURE Ta(°C) Vs-V,n(V) 
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S-UNIT SOOmA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 



-500 



< 
E 



O 



-400 



-300 



-200 



-100 




• The current is shown 
by the value per output. 

• Repetitive Frequency^ 10Hz- 

• The number in O is the number of 
outputs conducting simultaneously. 

«Ta=25°C 



-500 



-400 



-300 



D 
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-100 
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40 
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DUTY CYCLE (%) 



z 
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CURRENT GAIN VS 
OUTPUT CURRENT 
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* 








— Ta=75rT 
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8-UNIT HIGH VOLTAGE SOOmA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



DESCRIPTION 

The M54590P, 8-channel sink driver, consists of 16 NPN 
transitors connected to from eight high current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 80V 

• High output sink current to SOOmA 

• Integral diodes for transient suppression 

• PMOS Compatible input 

• Wide operating temperature range (Ta=— 20~H-75°C ) 

APPLICATION 

Relay and printer diver, LED or incandescent display digit 
driver, Interfacing for standard MOS/BIPOLAR logics. 

FUNCTION 

The M54590P is comprised of eight NPN darlington driver 
pairs with 2.7k f2 series input resistors. Between pin 10 and 
each output, there are integral diodes for inductive load 
transient suppression. All emitters and the substrate are 
connected together to pin 9. The outputs are capable of 
sinking SOOmA and will withstand 80V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



IN1 - 
IN2- 
IN3- 
IN4- 
IN5- 
IN6- 
IN7- 
IN8- 



GND [T 



[T — >c>|--]ll 
[I-t»^-II 



►01 
►02 
►03 
►04 
►05 
►06 
►07 
►08 



'_To\ COM COMMON 



Outline 18P4 



CIRCUIT SCHEMATIC 



2.7k 

INPUT o — f — ^A/v- 



-►I ^ — o COM 

I 



:l. 2k 



3k 

AAV 



1^ , . •^vw* 



The diodes shown by broken line are 
parasite diodes and must not be used. 



— t — I — o OUTPUT 
I I 
I I 

I I 

I I 

I I 

I I 

-4 — 1 — oGND 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 1-80 


V 


Ic 


Collector current 


Transistor ON 


500 


mA 


V, 


Input voltage 




-0. 5 hSO 


V 


If 


Clamp diode forward current 




500 


mA 


Vr 


Clamp diode reverse voltage 




80 


V 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20 1-75 


°C 


Tstg 


Storage temperature 




-55 — hi 25 
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8-UNIT HIGH VOLTAGE 500mA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




80 


V 


Ic 


Collector current 
per channel 


All units ON 

Percent duty cycle^6% 


0 




400 


mA 


All units ON 

Percent duty cycled 34% 


0 




200 


V,H 


"H" Input voltage 


lc=400mA 


3. 85 




25 


V 


lc=100mA 


3.4 




25 


V,u 


"L" Input voltage 


0 




0.6 


V 



ELECTRICAL CHARACTERISTICS da 20-^+750 . unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


lo(leak) 


Output leakage current 


VcE=80V 






100 


//A 


VcE(sat) 


Output saturation voltage 


V|=3. 85V, lc=400mA 




1.3 


2.4 


V 


V|=3. 85V, lc=200mA 






1.6 




Input current 


V|=3. 85V 




0. 95 


1.8 


mA 


V|=25V 




9 


18 


Vf 


Clamp diode forward voltage 


lF=400mA 




1.5 


2.4 


V 


Ir 


Clamp diode leakage current 


Vr=80V 






100 


//A 




DC fonward current gain 


VcE=4V, lc=350mA, Ta=25°C 


1000 









* : A typical value at Ta = 25°C. 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 




D 

O 



500 



400 



300 



200 



100 



OUTPUT CURRENT 
CHARACTERISTICS 









ni 




















1 


















1 1 






Vc£=4y 

T_ = 7R'r 










i\ 




T9=25°C 










fl 








Ta= 


-20 






















































































/ 


/ / 















AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE V,(V) 
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8-UNIT HIGH VOLTAGE 500mA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



< 

E 



O 

o 



o 
o 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 r 




ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 r 



400 



300 



200 



100 




• The current 
is shown by the^ 
value per output 

• Repetitive Frequency ^ 10Hz - 

• The number in O is the number of 
outputs conducting simultaneously 

• Ta=75°C 



20 



40 



60 



80 



100 



DUTY CYCLE {%) 



DUTY CYCLE (%) 



INPUT CHARACTERISTICS 



< 12 
E 























— 1 


3=7 


rc 










Ta=25r 

Ta=-20°C 




4. 
































y* 










✓ 




K 
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IVI54S91P 



8-UNIT HIGH VOLTAGE 500mA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



DESCRIPION 

The M54591P, 8-channel sink driver, consists of 16 NPN 
transistors connected to from eight high current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 80V 

• High output sinl< current to 500mA 

• Integral diodes for transient suppression 

• Wide operating temperature range (Ta= — 20 — |-75°C) 

APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver. 

FUNCTION 

The M54591P is comprised of eight NPN darlington driver 
pairs. Between pin 10 and each output, there are integral 
diodes for inductive load transient suppression. All emitters 
and the substrate are connected together to pin 9. The out- 
puts are capable of sinking 500mA and will withstand 80V 
in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



IN1 - 
IN2- 
IN3- 
IN4- 
IN5- 
IN6- 
IN7- 
IN8- 



GND |T 



[i— >>^-IlI 



OUTPUTS 



►01 
►02 
►03 
►04 
►05 
►06 
►07 
►08 
COM COMMON 



Outline 18P4 



CIRCUIT SCHEMATIC 



INPUTo— ^ 

I 
I 



-►I 1 — o COM 

I 



3k 



2k 



— t — \ — o OUTPUT 
I I 
I I 



I I 

—jl — i — oGND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : a 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


—0. 5 — 1-80 


V 


ic 


Collector current 


Transistor ON 


500 


mA 


If 


Clamp diode forward current 




500 


mA 


Vr 


Clamp diode reverse voltage 




80 


V 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20 — h75 




Tstg 


Storage temperature 




—55 — 1-125 
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8-UNIT HIGH VOLTAGE 500mA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


MIn 


Typ 


Max 


Vo 


Output voltage 


0 




80 


V 


•c 


Collector current 
per channel 


All units ON 

Percent duty cycle^6% 


0 




400 


nnA 


All units ON 

Percent duty cycle^34% 


0 




200 




"H" Input current 


lc=400mA 


1 




20 


mA 


IlL 


"L" Input current 


0 




20 


jufK 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


IVlin 


Typ* 


Max 


lo(leak) 


Output leakage current 


VcE=80V 






100 


/.A 


VcE(sat) 


Output saturation voltage 


l,=lmA, lc=400mA 




1.3 


2.4 


V 


li=lmA, lc=200mA 






1.6 


V, 


Input voltage 


li=1mA 




1.35 


1.7 


V 


Vf 


Clamp diode forward voltage 


lF=400mA 




1.5 


2.4 


V 


Ir 


Clamp diode leakage current 


Vr=80V 






100 




hpE 


DC forward current gam 


VcE=4V, lc=350mA, Ta=25°C 


1000 









* : A typical value at Ta = 25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




3 
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O 



500 



400 



300 



200 



100 



OUTPUT CURRENT 
CHARACTERISTICS 
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=4V 




I 
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1 a — t-v' 
Ta=-20°C 






































































































-JL. 






J i 
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AMBIENT TEMPERATURE Ta(°C ) 



INPUT VOLTAGE V,(V) 
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8-UNIT HIGH VOLTAGE 500mA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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IVi54592P 



8-UNIT HIGH VOLTAGE 500mA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



DESCRIPTION 

The M54592P, 8-channel sink driver, consists of 16 NPN 
transistors connected to from eight high current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 80V 

• High output sink current to 500mA 

• Integral diodes for transient suppression 

• 24V PMOS compatible input 

• Wide operating temperature range (Ta=— 20 — |-75°C) 

APPLICATION 

Relay and printer diver, LED or incandescent display digit 
driver. 

FUNCTION 

The M54592P is comprised of eight NPN darlington diver 
pairs. Each input has a Zener diode and 10.5k f) resistor in 
series to limit the input current. Between pin 10 and each 
output, there are integral diodes for inductive load transient 
suppression. All emitters and the substrate are connected 
together to pin 9. The outputs are capable of sinking 
500mA and will withstand 80V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 




GND [£ 



10] COM COMMON 



Outline 18P4 



CIRCUIT SCHEMATIC 



10.5k 



V7=7V 



-►l — f-o COM 

i 

— ? t-o OUTPUT 



^7. 2k 



3k 



I I 
I I 

-i Lo GND 



The diodes shown by broken line are 
parasite diodes and must not be used. 



ABSOLUTE MAXIMUM RATINGS da 20--+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


—0. 5~+80 


V 


Ic 


Collector current 


Transistor ON 


500 


mA 


V, 


Input voltage 




-0. 5~+30 


V 


If 


Clamp diode forward current 




500 


mA 


Vr 


Clamp diode reverse voltage 




80 


V 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55 — hi 25 
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8-UNIT HIGH VOLTAGE 500mA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


MIn 


Typ 


Max 


Vo 


Output voltage 


0 




80 


V 


Ic 


Collector current 
per channel 


All units ON 

Percent duty cycle^6% 


0 




400 


mA 


All units ON 

Percent duty cycle ^34% 


0 




200 


V,H 


"H" Input voltage 


lc=400mA 


17 




30 


V 


V,L 


"L" Input voltage 


0 




6 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~4-75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


MIn 


Typ* 


Max 


lo(leak) 


Output leakage current 


VcE=80V 






100 




VcE(sat) 


Output saturation voltage 


V,= 17V, lc=400mA 




1.3 


2.4 


V 


V,= 17V, lc=200mA 






1.6 


li 


Input current 


V|=17V 




0. 85 


1.8 


mA 


V,=25V 




1.6 


3.2 


Vf 


Clamp diode forward voltage 


lF=400mA 




1.5 


2.4 


V 


Ir 


Clamp diode leakage current 


Vr=80V 






100 


yuA 


hpE 


DC forward current gam 


VcE=4V, lc=350mA, Ta=25°C 


1000 









* A typical value at Ta = 25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 
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AMBIENT TEMPERATURE Ta(°C) 
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8-UNIT HIGH VOLTAGE 500mA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 
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8-UNIT HIGH VOLTAGE 500mA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



DESCRIPTION 

The M54593P, 8-channel sink driver, consists of 16 NPN 
transistors connected to from eight high current gain driver 
pairs. 

FEATURES 

• High output sustaining voltage to 80V 

• High output sink current to 500mA 

• Integral diodes for transient suppression 

• PMOS compatible input 

• Wide operating temperature rage (Ta=— 20~+75°C) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver. 

FUNCTION 

The M54593P is comprised of eight darlington diver pairs 
with 10.5k n series input resistors. Between pin 10 and 
each output, there are integral diodes for inductive load 
transient suppression. All emitters and the substrate are 
connected together to pin 9. The outputs are capable of 
sinking 500mA and will withstand 80V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 




GND [T 



]0] COM COMMON 



Outline 18P4 



CIRCUIT SCHEMATIC 



10. 5k 
INPUT o — ^ — wv- 

I 
I 



-» ^ — o COM 

' -o OUTPUT 



i 



:7. 2k 



3k 



I -J 



The diodes shown by broken line are 
parasite diodes and must not be used 
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I I 

I I 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0.5 — h80 


V 


Ic 


Collector current 


Transistor ON 


500 


mA 


V, 


Input voltage 




-0. 5 — 1-30 


V 


If 


Clamp diode forward current 




500 


mA 


Vr 


Clamp diode reverse voltage 




80 


V 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55 — hi 25 
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IVI54593P 



8-UNIT HIGH VOLTAGE 500mA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


IVIin 


Typ 


Max 


Vo 


Output voltage 


0 




80 


V 


Ic 


Collector current 
per channel 


All units ON 

Percent duty cycle^6% 


0 




400 


mA 


All units ON 

Percent duty cycle^34% 


0 




200 


V,H 


"H" Input voltage 


lc=400mA 


8 


10 


25 


V 




"L" Input voltage 


0 




0.5 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


•odeak) 


Output leakage current 


VcE=80V 






100 


//A 


VcE(sat) 


Output saturation voltage 


V|=8V, lc=400mA 




1.3 


2.4 


V 


V|=8V, lc=200mA 






1.6 




Input current 


V|=10V 




0.9 


1.5 


mA 


V,=25V 






4. 1 


Vf 


Clamp diode forward voltage 


lF=400mA 




1.5 


2.4 


V 


Ir 


Clamp diode leal<age current 


Vr=80V 






100 






DC forward current gain 


VcE=4V, lc=350mA, Ta=25°C 


1000 









* : A typical value at Ta = 25''C . 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




0 25 50 75 100 

AMBIENT TEMPERATURE Ta(°C) 



500 



400 



300 



200 



100 



OUTPUT CURRENT 
CHARACTERISTICS 

















r* — 1 

f 

11 
















— 1 
1 
















=4V 




-t 












Ta=75r 


i 














1 

— 1 


a— ^o'- 
■a=-20 


c 1 1 
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— 1- 
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— f- 
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INPUT VOLTAGE V,(V) 
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IVI54593P 

8-UNIT HIGH VOLTAGE 500mA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500r 



O 

cc 
o 
I- 
o 



400 



300 
200 — 



100 




The current is * 
shown by the . 
value per output. 
* Repetitive Frequency 
^ 10Hz 

Hhe number in O is the number of" 
outputs conducting simultaneously 
^ =25r 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

500 r 



e 400 



300 



200 



100 



20 



40 



60 




• The current 
is shown by t 
value per output 

• Repetitive Frequency ^ 10Hz- 

• The number in O is the number of 
outputs conducting simultaneously 

• Ta=75°C 



100 



20 



40 



60 



80 



100 



DUTY CYCLE (%) 



DUTY CYCLE (%) 



D 
O 



INPUT CHARACTERISTICS 



















































ra= 
ra= 


75°C 
25^ 
































ra= 


-20 


°C 
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INPUT VOLTAGE V,(V) 



25 



DC CURRENT GAIN 
CHARACTERISTICS 



10000 




10 3 5 7 100 3 5 10000 

COLLECTOR CURRENT lc(mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4S94P 

4-UNIT HIGH VOLTAGE 1.5A DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



DESCRIPTION 

the M54594P 4-channel sink diver, consists of 8 NPN tran- 
sistors connected to from four high current gain diver pairs. 

FEATURES 

• High output sustaining voltage to 80V 

• High output sink current to 1 .5A 

• Integral diodes for transient suppression 

• Wide operating temperature range (Ta=— 20 — |-75°C) 

APPLICATION 

Relay and printer driver, Display driver 
FUNCTION 

The M54594P is comprised of four NPN darlington driver 
pairs with 350 CI series input resistors. Each output has a 
diode for inductive load transient suppression and the 
cathodes of the diodes are connected to pin 8 and 1. The 
outputs are capable of sinking 1 .5A and will withstand 80V 
in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



COMMON COM ->-[T 
OUTPUT 01 -"-[T 
INPUT IN1-*[T-^ 
GND [7 
GND jT 
INPUT IN2-^[T-^ 
OUTPUT 02'»-|T 
COMMON COM [T 



Ti] Nc 

T|]-^04 OUTPUT 



IN4 INPUT 



13] GND 
Tg] GND 
rc^7T]^IN3 INPUT 
10] 03 OUTPUT 



Outline 16P4 



NC No connection 



CIRCUIT SCHEMATIC 



INPUT ( 



350 



COM 
o OUTPUT 



Ilk 


h 




3k 




-AW 



I I 

4 — lo GND 



The diodes shown by broken line are 
parasite diodes and must not be used. 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — 1-80 


V 


Ic 


Collector current 


Transistor ON 


1.5 


A 


V, 


Input voltage 




-0.5 — hlO 


V 


If(d) 


Clamp diode forward current 


Pulse width^lOms, Percent duty cycle^5% 


1.5 


A 


Pulse width^lOOms, Percent duty cycle^5% 


1.25 


Vr(d) 


Clamp diode reverse voltage 




80 


V 


Pd 


Power dissipation 


Ta=25°C 


1.92 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55— +125 
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IVI54594P 



4-unit high voltage 1.5a darlington transistor array 

With clamp diode 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




80 


V 


Ic 


Collector current 
per channel 


All units ON 

Percent duty cycle ^4% 


0 




1.25 


A 


All units ON 

Percent duty cycle ^18% 


0 




700 


mA 


V.H 


"H" Input voltage 


lc=1.25A 


3 




10 


V 


V,L 


"L" Input voltage 


'o( leak) =50// A 


0 




0.4 


V 



electrical characteristics (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


lcEo=100//A 


80 






V 


VcE(sat) 


Output saturation voltage 


li=2mA 


lc=1.25A 






2.2 


V 


lc=700mA 






1.7 


1, 


Input current 


V|=3V 




5 


8.5 


mA 


Vf 


Clamp diode forward voltage 


If=1.25A 






2.3 


V 


Vr 


Clamp diode reverse voltage 


Ir=100^A 


80 






V 




DC torv\/ard current gain 


VcE=4V, lc=lA, Ta=25°C 


1000 









* I A typical value is at Ta = 25°C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




D 
O 

o 
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o 



2.0 



1.5 



1.0 



0.5 



OUTPUT CURRENT 
CHARACTERISTICS 

























Vc 




















— 1 


II II II 


75°C 

?5r- 
















— 1 


-20 


c 






















1 




















i 




















t 


1 




















-1- 
1 
















I 




-#- 
1 

-4— 




















/ 








0 




0.5 


1. 


0 




1.5 


2. 



AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE V,(V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54594P 

4-UNIT HIGH VOLTAGE l.SA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 

2.0 



D 

o 



1.5 



1.0 



0.5 



• The current is shown by the value per 

output. ] I ] T J J ' 

ITRepetitive Frequency ^ 10Hz "| 

JjThe nunrrber in O is the number of 

outputs conducting simultaneously 

• Ta=25t 




® 



20 40 60 80 100 
DUTY CYCLE {%) 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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O 



o 
o 



S 1.5 



1.0 



0.5 



• The current is shown by the value per 
output. I I I I 1 1 

• Repetitive Frequency ^ 10Hz 
_*The number in O is the number of 

outputs conducting simultaneously " 

• Ta=75rT 
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MITSUBISHI BIPOLAR DIGITAL ICs 



IVI54S95P 



4.UNIT l.SA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



DESCRIPTION 

The M54595P, 4-channel sink driver, consists of 8 NPN 
transistors connected to from four liigh current gain driver 
pairs. 

FEATURES 

• HIgli output sustaining voltage to 80v 

• High output sink current to 1 .5A 

• Integral diodes for transient suppression 

• Wide operating temperature range (Ta=— 20 — |-75°C) 

APPLICATION 

Relay and printer driver, Display driver 
FUNCTION 

The M54595P is comprised of four NPN darlington driver 
pairs with 3k fl seVies input resistors. Each output has a 
diode for inductive load transient suppression and the 
cathodes of the diodes are connected to pin 8 and 1 . The 
outputs are capable of sinking 1.5A and will withstand 80V 
in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



COMMON COM-»|T 
OUTPUT oi ♦-^ 
INPUT IN1 

GND [T 
GND [? 



INPUT IN2 
OUTPUT 02 ^ 
COMMON COM [T 



E 
K 



Te] Nc 

li] -»■ 04 OUTPUT 
^^14l'^IN4 INPUT 
TsJ GND 
12] GND 

IN3 INPUT 
JO] 03 OUTPUT 
1] NC 



r4li]-i 



Outline 16P4 



NC : No connection 



CIRCUIT SCHEMATIC 



INPUT < 



3k 



1 7. 2k 



-►H-o COM 

I 

— k) OUTPUT 



r i ' 

I I 
I I 



3k 

-V^Ar- 



I I 
I I 

-i — i-o GND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS da^ 20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


—0. 5 — hSO 


V 


Ic 


Collector current 


Transistor ON 


1.5 


A 


V, 


Input voltage 




—0. 5 — 1-30 


V 


If 


Clamp diode fon^^ard current 


Pulse width^lOms, Percent duty cycle^5% 


1.5 


A 


Pulse width^lOOms, Percent duty cycle^5% 


1.25 


Vr 


Clamp diode reverse voltage 




80 


V 


Pd 


Power dissipation 


Ta=25°C 


1.92 


W 


Topr 


Operating temperature 




-20 1-75 


°C 


Tstg 


Storage temperature 




—55 hi 25 
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IVI54595P 



4-UNIT 1.5A DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75r. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


0 




80 


V 


Ic 


Collector current 
per channel 


All units ON 

Percent duty cycle^4% 


0 




1.25 


A 


All units ON 

Percent duty cycle ^18% 


0 




700 


mA 


V,H 


"H" Input voltage 


lc=1.25A 


8 




10 


V 


V,L 


"L" Input voltage 


l'o(leak)=50/iA 


0 




0.4 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter ^ 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


lcEo=100;uA 


80 






V 


VcE(sat) 


Output saturation voltage 


l,=2mA 


lc=1.25A 






2.2 


V 


lc=700mA 






1.7 


li 


Input current 


V|=10V 




4 


8 


mA 


Vf 


Clamp diode forward voltage 


If=1.25A 






2.3 


V 




Clamp diode reverse voltage 


Ir=100/^A 


80 






V 




DC forward current gain 


VcE=4V, lc=lA, Ta=25°C 


800 









* '. A typical value is at Ta = 25"C 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




OUTPUT CURRENT 
CHARACTERISTICS 



2.0 



1.5 



UJ 

cc 
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cc 
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o 



0.5 
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ra=^ 
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-20' 
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AMBIENT TEMPERATURE Ta(°C) 
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INPUT VOLTAGE V,(V) 
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4-UNIT l.SA DARLINGTON TRANSISTOR ARRAY WITH CLAMP DIODE 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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• The current is shown by the value 
per output. 1 1 1 1 1 
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ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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DUTY CYCLE (%) 
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INPUT CHARACTERISTICS 
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MITSUBISHI BIPOLAR DIGITAL ICs 



IVIS4S96P 



4.UNIT HIGH VOLTAGE 1.5A DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



DESCRIPTION 

The M54596P, 4-channel sink driver, consists of 4 PNP and 
8 NPN transistors to from four liigh ci^rrent gain driver pairs. 

FEATURES 

• High output sustaining voltage to 80V 

• High output current to 1.5A 

• Integral diodes for transient suppression 

• NMOS Compatible input 

• Wide operating temperature range (Ta=— 20'^+75°C) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver 

FUNCTION 

The M54596P is comprised of four PNP invertors with 7k H 
series input resistors and four NPN darlington sink drivers. 
Each output has an integral diode for inductive load tran- 
sient suppression and the anodes of the diode connected 
to pins 9 and 16. The outputs are capable of sinking 1.5A 
and will withstand 80V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 



Vcc 

OUTPUT 01 
INPUT IN1 

GND 

INPUT IN2- 
OUTPUT 02' 
Vcc 



K 
H 



Te] COM COMMON 

04 OUTPUT 
T4]*-IN4 INPUT 

1 
1 

^Tj]'^IN3 INPUT 
To] 03 OUTPUT 
T] COM COMMON 



GND 



Outline 16P4 



CIRCUIT SCHEMATIC 



INPUT Of-K- 




-►Ht^jcom 



— h-o OUTPUT 



A^^ i i — *-o GND 

3k j 



I ^ 

The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : 0 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.5 — 1-10 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 — 1-80 


V 


V, 


Input voltage 




-0.5 — f-30 


V 


ic 


Collector current 


Transistor ON 


1.5 


A 


Vr 


Clamp diode reverse voltage 




80 


V 


If 


Clamp diode forward current 


Pulse width^lOms, Percent duty cycle^5% 


1.5 


A 


Pulse width^lOOms, Percent duty cycle^5% 


1.25 


Pd 


Power dissipation 


Ta=25'C 


1.92 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




—55 — 1-125 
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4-UNIT HIGH VOLTAGE 1.5A DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta^ 20-^+750, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


6 


V 


Vo 


Output voltage 


0 




80 


V 


'c 


Collector current 
per channel 


All units ON 

Percent duty cycle ^ 4% 


0 




1.25 


A 


All units ON 

Percent duty cycle ^ 18% 


0 




0.7 


V,H 


"H" Input voltage 


'o( leak) =50// A 


Vcc-0.5 




Vcc 


V 




"L" Input voltage 


lc=1.25A 


0 




Vcc-3.5 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


•cc 


Supply current 


Vcc=6V, V,=0. 5V (per channel) 




4.6 


7.5 


mA 


V(BR)CEO 


Output sustaining voltage 


lcEo=100/iA 


80 






V 


VcE(sat) 


Output saturation voltage 


Vcc=4V 


lc=1.25A 






2.2 


V 


V|=0. 5V 


lc=0. 7A 






1.7 




Input current 


V|=Vcc-3. 5V 






-0.6 


mA 


1, 


Vi=Vcc-6V 






-0. 95 


Vr 


Clamp diode reverse voltage 


lR=100AiA 


80 






V 




Clamp diode forward voltage 


If=1.25A 






2.3 


V 


hpE 


DC forward current gam 


Vcc=4V, VcE=4V, lc=lA, Ta=25°C 


4000 









* : A typical value is at Ta = 25°C . 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 
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4-UNIT HIGH VOLTAGE 1.5A DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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8-UNIT HIGH VOLTAGE 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54597P, 8-channel source driver, consists of 8 PNP 
and 24 NPN transistors connected to from eight high cur- 
rent gain driver pairs. 

FEATURES 



High output sustaining voltage to 80V 

High output source current to 500mA 

Integral diode for transient suppression 

PMOS Compatible input 

Wide operating temperature range (Ta=— 20-- 



-+75^) 



APPLICATION 

Relay and printer driver, LED, incandescent or fluorescent 
display driver. Interfacing for standard MOS/BIPOLAR 
logics 

FUNCTION 

The driver of the M54597P is comprised of a NPN inverter 
and compound PNP/NPN/NPN output source driver, and 
the output is turned ON by an active high input level. Each 
output has an integral diode for inductive load transient 
suppression. The outputs are capable of driving 500mA and 
are rated for operation with output voltage up to 80V. 



PIN CONFIGURATION (TOP VIEW) 



IN2--|T-t>-^- 



IN4--|T-|>-^- 



IN8 --[T - 
Vs H 



18]— 01 

]6]-^03 
Ti]— 04 
241-^05 
13]-^06 
12]— 07 
7T]-^08 
10] GND 



Outline 18P4 



CIRCUIT SCHEMATIC 



20k 



INPUT* 



8k J 1^ 



I 



3k 



r-o OUTPUT 



Ti I 



-U GND 



The diodes shown by broken line are 
parasite diodes and must not be used. 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VCEO 


Output sustaining voltage 


Transistor OFF 


+80 


V 


Vs 


Supply voltage 




—0. 5 — hSO 


V 


V, 


Input voltage 




-0. 5 — hSO 


V 


lo 


Output current 


Per channel current at "H" output 


-500 


mA 


If 


Clamp diode forward current 




500 


mA 


Vr 


Clamp diode reverse voltage 




80 


V 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 


°C 
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RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20-+75°C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vs 


Supply voltage 


0 




80 


V 


'o 


Output current 
per channel 


All units ON 

Percent duty cycle^8% 


0 




-350 


mA 


All units ON 

Percent duty cycle ^55% 


0 




-100 


V,H 


"H" Input voltage 


lo= -350mA 


2.4 


5 


10 


V 


V,L 


"L" Input voltage 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (Ta 20^+75 C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


Is(leak) 


Supply leakage current 


Vs=80V, V|=0. 2V, Vo=OV 






100 


/uJK 


VcE(sat) 


Output saturation voltage 


Vs=10V, V|=2.4V, lo=-350mA 






2.4 


V 


Vs=10V, V,=2.4V, lo=-100mA 






2 


li 


Input current 


V,=5V 






0. 75 


mA 


V,=25V 






4.7 


's 


Supply current 


Vs=80V, V|=5V 






15 


mA 


Vf 


Clamp diode forward voltage 


lF=-350mA 






-2.4 


V 


Vr 


Clamp diode reverse voltage 


lR=100;t/A 


80 






V 



* : A typical value at Ta = 25''C . 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




-500 



, -400 



DC -300 

n 

o 

DC 
O 



o 
o 



-200 



-100 



OUTPUT CURRENT 
CHARACTERISTICS 





— V 






! 












V 


s=20V- 
s-Vo= 


4V 
















— 1 


ra=75t 

r — ocV^ 
















13— ^i"- 
— Ta=-20 


c 1 
























































































































1 










0 


0.4 


0. 


8 1. 


2 1.6 


2. 



AMBIENT TEMPERATURE Ta(°C) 



INPUT VOLTAGE V,(V) 
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ALLOWABLE OUTPUT CURRENT ALLOWABLE OUTPUT CURRENT 

AS A FUNCTION OF DUTY CYCLE AS A FUNCTION OF DUTY CYCLE 




DUTY CYCLE (%) DUTY CYCLE {%) 



INPUT CHARACTERISTICS 



1.0 

















































V 


■==2 


DV 
















Ta= 


=75° 


C 












Ta=-20°C 













































































































°0 1 2 3 4 5 



INPUT VOLTAGE V,(V) 
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M54S98P 



8-UNIT HIGH VOLTAGE 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



DESCRIPTIpN 

The M54598P, 8-channel source driver, consists of 8 PNP 
and 24 NPN transistors connected to from eight high cur- 
rent gain driver pairs. 

FEATURES 

• High output sustaining voltage to 80V 

• High output source current to 500mA 

• Integral diode for transient suppression 

• Wide operating temperature range (Ta=— 20 — |-75°C) 

APPLICATION 

Relay and printer driver, LED, incandescent or fluorescent 
display driver, Interfacing for standard MOS/BI POLAR 
logics 

FUNCTION 

The driver of the M54598P is comprised of a NPN inverter 
and compound PNP/NPN/NPN output source driver and 
the output is turned ON by an active high input level. Each 
output has an integral diode for inductive load transient 
suppression. The outputs are capable of driving 500mA and 
are rated for operating with output voltage up to 80V. 



PIN CONFIGURATION (TOP VIEW) 



[Il-t^^-tlll 



INS [T -f>--q— - Te] - 



[T L_jo] GND 



►01 
►02 
►03 
►04 
►05 
►06 
►07 



Outline 18P4 



CIRCUIT SCHEMATIC 



20k 



3k 

INPUT o-y-^N^ 



i 



I 



1.7k 



-TO Vs 



7.2k 



< 



3k 



OUTPUT 
-io GND 



The diodes shown by broken line are 
parasite diodes and must not be used. 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


4-80 


V 


Vs 


Supply voltage 




-0. 5~+80 


V 


V, 


Input voltage 




-0. 5 — hlO 


V 


lo 


Output current 


Per channel current at "H" output 


-500 


mA 


If 


Clamp diode forward current 




-500 


mA 


Vr 


Clamp diode reverse voltage 




80 


V 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20 h75 


°C 


Tstg 


Storage temperature 




—55 — 1-125 


"C 
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RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20--+75°C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vs 


Supply voltage 


0 




80 


V 


lo 


Output current 
per channel 


All units ON 

Percent duty cycle ^8% 


0 




-350 


mA 


All units ON 

Percent duty cycle^55% 


0 




-100 


V,H 


"H" Input voltage 


lo= -350mA 


2.4 




10 


V 


V,L 


"L" Input voltage 


0 




0.2 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


■sdeak) 


Supply leak current 


Vs=80V, V,=0. 2V. Vo=OV 






100 


/.A 


VcE(sat) 


Output saturation voltage 


Vs=10V, V|=2.4V, lo=-350mA 






2.4 


V 


Vs=10V, V,=2.4V. lo=-100mA 






2 


li 


Input current 


V|=3V 




0.6 


1 


mA 


V|=10V 




3.2 


5 


Is 


Supply current 


Vs=80V, V|=3V 






15 


mA 


Vf 


Clamp diode forward voltage 


If=— 350mA 






-2.4 


V 


Vr 


Clamp diode reverse voltage 


lR=100AiA 


80 






V 



* : A typical value at Ta = 25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




'0 25 50 75 100 

AMBIENT TEMPERATURE Ta(°C) 



OUTPUT CURRENT 
CHARACTERISTICS 



-500 



-400 



-300 



-200 



O 
o 



o 
o 



-100 





1 

Vs=20V 












1 






=4V 




1 






1 




Ta=75 

OK 


r 

°c- 








1 




'? 




zo-c 






















J. 








































i 




















1 








































1 











0.4 



0.8 



1.2 



1.6 



2.0 



INPUT VOLTAGE V,(V) 
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INPUT CHARACTERISTICS 



0 







Vs=2oi 






/> 


























.-Ta=75°C 












— • Ta=-20;c 














































































V 






































7 















0 12 3 4 

INPUT VOLTAGE V,(V) 
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DESCRIPTION 

M54600P is a semiconductor integrated circuit containing 2 
circuits with TTL constructed logical NAND gates and high 
current, high breakdown voltage NPN transistors. 

FEATURES 

• NAND gates and NPN transistors are independent of 
each other. 

• High current (Ic = 300mA) , high breakdown voltage 
(BVcER=30V) NPN transistors 

• High speed switching (tpd=20ns) 

• SUB pin provision 

• Strobe Input provision 

APPLICATION 

General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTION 

This is a high speed driver containing two 2-input NAND 
gates with two NPN transistors (lc = 300mA, BVcer = 30V, 
Rbe^SOOH). 

A wide range of application is insured as NAND gate out- 
puts and NPN transistor bases can be either connected or 
used as independent circuits. SUB pin must always be at 
the most negative device voltage for proper operation, 
whether it is GND line or the IC itself. 



PIN CONFIGURATION (TOP VIEW) 



STROBE INPUT 






23 


Vcc 




INPUT 


1A-*(7 




1- 


2A 


INPUT 


OUTPUT 




M5460( 


iH- 


2Y 


OUTPUT 


BASE 


1B [T 


13 


2B 


BASE 


COLLECTOR 


ic [£ 


w 


D 


2C 


COLLECTOR 


EMITTER 


IE [£ 
GND |T 




U 
I] 


2E 
SUB 


EMITTER 



Outline 14P4 



FUNCTION TABLE 
Gate only 



Gate and transistor 



A 


G 


Y 




A 


G 


C 


L 


L 


H 




L 


L 


L 


L 


H 


H 




L 


H 


L 


H 


L 


H 




H 


L 


L 


H 


H 


L 




H 


H 


H 



When gate output Y and transistor 
base B, and when each emitter E 
and GND are connected directly 
and collector C is the output. 
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ABSOLUTE MAXIMUM RATINGS (Ta = 0~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V| 


Input voltage 




0. o 


V 


V,E 


Interemitter voltage 




5.5 


V 


Vccs 


Vcc to substrate voltage 




35 


V 


Vcs 


Collector to substrate voltage 




35 


V 


VcB 


Collector base voltage 




35 


V 


VcE 


Collector emitter voltage 


The base-emitter resistance (Rbe) 'S Rbe ^ 500(2 


30 


V 


Veb 


Emitter base voltage 




5 


V 


Ic (Notel) 


Collector current 




300 


mA 


Pd 


Power dissipation 


Ta ^ 25°C 


800 


mW 


Topr 


Operating temperature 




0—75 


"C 


Tstg 


Storage temperature 




-65 — hi 50 





Note 1 I Both halves of these dual circuits may conduct rated current simultaneously; but only if used within heat dissipation rating. 



RECOMMENDED OPERATING CONDITIONS da = 0~+75C, unless otherwise noted) 

TTL Gate 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5. 25 


V 


Fo 


Fan out 






10 




Gate and transistor combined 


Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


High-level state 






24 


V 




Low-level output current 


Vol = 0. 4V 






100 


mA 


Vol = 0. 7V 






300 



ELECTRICAL CHARACTERISTICS da = 0~+75C, unless otherwise noted) 

TTL Gate 



Synrjbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V,H 


High-level input voltage 




2 






V 


V,L 


Low-level input voltage 








0.8 


V 


V,c 


Input clamp voltage 


Vcc = 4. 75V, lie = -12mA 






-1.5 


V 


VoH 


High-level output voltage 


Vcc = 4. 75V, V|L = 0. 8V, Iqh = -400//A 


2.4 


3.3 




V 


Vol 


Low-level output voltage 


Vcc = 4. 75V, V|H = 2V, Iql = 16mA 




0. 22 


0.4 


V 


l|H(A) 


High-level input current 


Input A 


Vcc = 5. 25V 


Vi = 2. 4V 






40 


juA 


V| = 4. 5V 






60 


l|H(Q) 


Input G 


Vcc = 5. 25V 


V| == 2. 4V 






80 


mA 


V| = 4. 5V 






120 


•lL(A) 


Low-level input current 


Input A 


Vcc = 5. 25V, V| = 0. 4V 






-1.6 


rr\A 


'lL(G) 


Input G 


Vcc = 5. 25V, V| = 0. 4V 






-3.2 


mA 


'os 


Short circuit output current (Note 2) 


Vcc = 5. 25V 


-18 




—55 


mA 


'CCH 


Supply current, all outputs high 


Vcc = 5. 25V, V| = OV 




4.5 


8 


mA 


'CCL 


Supply current, all outputs low 


Vcc = 5. 25V, V| = 5V 




6 


11 


mA 



* A Typical value at Tg = 25°C 
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Transistor 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


BVcBO 


Collector base breakdown voltage 


lc = IOOa^A, Ie = 0 


35 






V 


BVcER 


Collector emitter breakdown voltage 


lc= 100//A, RBE = 500n 


30 






V 


BVebo 


Emitter base breakdown voltage 


Ie== 100/iA, lc = 0 


5 






V 




Static forward current transfer ratio 
(Notes) 


VcE = SV 
Ta = 25°C 


lc = 100mA 


25 








Ic = 300mA 


30 






VcE = SV 
Ta = 0°C 


lc = 100mA 


20 






lc=S00mA 


25 






Vbe 


Base emitter voltage 
(Note 3) 


Ib= 10mA, Ic = 100mA 




0. 85 


1 


V 


Ib = SOmA, Ic = 300mA 




1.05 


1.2 


VcE(sat) 


Collector emitter saturation voltage 
(Notes) 


Ib = 10mA, lc = 100mA 




0. 25 


0.4 


V 


Ib = SOmA, Ic = 300mA 




0.5 


0.7 



With TTL Gate output connected to transistor base 'B', 
and each emitter 'E', and GND connected 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


loH 


High-level output current 


Vcc = 4. 75V, ViH = 2V, Vq = SOV 






100 


fx^ 


Vol 


Low-level output voltage 


Vcc = 4. 75V 
ViL = 0. 8V 


loL= 100mA 




0. 25 


0.4 


V 


loL = 300mA 




0.5 


0.7 


'CCL 


Low-level supply current 


Vcc = 5. 25V, V| = OV 






65 


mA 



* : All typical values are Vcc = 5V, Ta = 25 °C 
Note 2 Not more than one output should be shorted at a time 

3 '. Test with pulse width of 300// s, and duty cycle of ^2% pulse 



SWITCHING CHARACTERISTICS (Vcc = 5V. Ta = 25°C, unless otherwise noted) 

TTL Gate 



Symbol 
(Note 4) 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tpLH(A-Y) 


Low-to-high-level output, high-to-low-level output 
propagation time, from input A, G to output Y 


Cl= 15pF, RL=400n 
(Note 5) 




12 


22 


ns 


tpHL(A-Y) 




8 


15 


ns 



A MITSUBISHI 
ELECTRIC 



2-311 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54600P 



DUAL PERIPHERAL POSITIVE AND DRIVER 



Output transistor 



Symbol 
(Note 4) 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


td(B-c) 


Delay time 


lc« 200mA, lB(i) = 20mA 
Ib(2) = —40mA, VBE(off) = — IV 
Cl= 15pF, RL = 50n 
(Notes 6, 7) 




8 


15 


ns 


tTHU(C) 


Rise time 




12 


20 


ns 


ts(B-C) 


Stotage time 




7 


15 


ns 


tTLH(C) 


Fall time 




6 


15 


ns 


TTL Gate and output transistor combined 


Symbol 
(Note 4) 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


*PLH(A-C) 


Low-to-high-level output, high-to-low-level output 
propagation time; from input A, G to output C 


Ic « 200mA 

Cl= 15pF, Rl = 50n 

(Notes 7, 8) 




20 


30 


ns 


tpHL(A-C) 




20 


30 


ns 


tTLH(C) 


Low-to-high-level output, high-to-low-level output 
transition time; output C 




7 


12 


ns 


txHLCC) 




9 


15 


ns 



Note 4 '. Symbols indicate representative examples 



TIIMING DIAGRAIVI (Reference level = 15V) TYPICAL CHARACTERISTICS 

HEAT DISSIPATION 




FREE-AIR AMBIENT TEMPERATURE Ta(°C) 




tTHL(C) tTLH(C) 
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Note 5 Measurement circuit 
INPUT 




Note 7 : Output breakdown voltage drops upon switching. 

Examples: Iql = 300mA @ Vo s 15V and Iql = 100mA @ Vq 
= 20V. In case of inductive load use, lower drive supply volt- 
age. 

When driving a relay be sure to use a diode in the relay coll 
to protect against the IC being damaged by relay coil gener- 
ated counter-electromotive force or when relay coil voltage 
drops below 12V. 



The pulse generator (PG) has the following characteristics: 

tr ^ 10ns, tf ^ 5ns, PRR = 1MHz, 

tpw = 500ns, Vp = 3Vp.p, Zq = 500. 

All diodes are high speed switching diodes (trr ^ 4ns) 

Cl includes probe and jig capacitance. 




-o OUTPUT 



1 . The pulse generator (PG) has the following characteristics, 
tr ^ 5ns. tf ^ 5ns. DUTY CYCLE ^ ^%. 
tpw = 300ns, Vp = 3Vp.p, Zq = 50n. 



Note 8 • Measurement circuit 

INPUT 2 4V Vc, 




o OUTPUT 



1 . The pulse generator (PG) has the following characteristics: 

tr ^ 10ns, tf ^ 5ns, PRR = 1MHz, 

Tpw = 500ns, Vp = 3Vp.p, Zq = 50n . 
2 . Cl includes probe and jig capacitance. 
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APPLICATION EXAMPLES 

500mA SINK 

4-5V 



DUAL MOS TO TTL CONVERTER 

+5V -V2(-10V) 



INPUTS 



fGo- 
Ao- 




L|JLJL|Jl|IL|r 



+V 1A 



33k n 



39pF 



-o OUTPUT 



•22k n 



>2.7kn 



<22k 



STROBE o- 



33k n 




SUB 



GND 



^2 7kn 



-oTTL 



GATED COMPARATOR 



2AO- 



+5V I 

rlii4rAiniiniimriir^ 




INPUTS 



L^LjL|jLLrTjr[|rg 



39pF Ttr 
BALANCED LINE DRIVER 

+5V 



+V 



^ikn 



-o OUTPUT 



^3900 




INPUT o- 



TJ[^L3j|jJL|JIg^ 



Y= G + 1A-2A+ 1A-2A 

DUAL TTL TO MOS CONVERTER 

4-5V -V2(-10V) 



TWISTED 
PAIR LINE 



o Line2 



SQUARE-WAVE GENERATOR 

+5V STROBE 



1AO- 



4.7kn 








SUB 


) 














GND 



STROBE o- 



l|J||ll|JL^L 5j[y^ 



+5Vo 



4.7kn 




STROBE o- 



ijjl |jmi|ji^i4Tl^ 



UNIT R : a 
c : F 



-oQ OUTPUT 



-o Q OUTPUT 
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DESCRIPTION 

M54601P is a semiconductor integrated circuit containing 2 
circuits with TTL constructed logical AND drivers, each 
having high output current and high breakdown output volt- 
age characteristics. 

FEATURES 

• High output current (lo=300mA) 

• High breakdown output voltage (Vo=30V) 

• High speed switching (tpcl=18ns) 

• A small 8 pin DIL package 

APPLICATION 

General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTION 

The output being an open collector, each circuit is capable 
of handling a maximum output current of 300mA when in 
low-level state and, when in high-level state, a maximum 
voltage of 30V can be applied. As mean propagation delay 
time is 18ns, high speed switching is possible. Supply volt- 
age being 5V±5% and input being TTL, this IC can be 
connected directly to TTL. This IC has a broad range of ap- 
plication as a relay and lamp driver as well as a MOS 
MEMORY driver. 



FUNCTION TABLE 



A 


B 


Y 


L 


L 


L 


L 


H 


L 


H 


L 


L 


H 


H 


H 



PIN CONFIGURATION (TOP VIEW) 



1A — [T 

1B-^[7 



OUTPUT 1Y*- 



GND |T 



o 





Vcc 


I] 




1 


— 2A 


I] 


— 2Y 



Outline 8P4 



CIRCUIT SCHEMATIC (EACH DRIVER) 



o Vc( 



INPUTS^ 




Unit : a. 



ABSOLUTE MAXIMUM RATINGS (Ta = 0~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V, 


Input voltage 




5.5 


V 


V,E 


Interemitter voltage 




5.5 


V 


Vo 


Output voltage 


High-level state 


30 


V 


lo 


Output current 


Low-level state 


300 


nnA 


Pd 


Power dissipation 


Ta ^ 25°C 


800 


nnW 


Topr 


Operating temperature 




0—75 


°C 


Tstg 


Storage temperature 




-65 — 1-150 
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RECOMMENDED OPERATING CONDITIONS da = 0~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5. 25 


V 


Vo 


Output voltage 


High-level state 






24 


V 


loL 


Low-level output current 


Vol = 0.4V 






100 


mA 


Vol = 0. 7V 






300 



ELECTRICAL CHARACTERISTICS (Ta = 0~+75C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V,H 


High-level input voltage 




2 






V 




Low-level input voltage 








0.8 


V 


V,c 


Input clamp voltage 


Vcc = 4. 75V, lie = -12mA 






-1.5 


V 


'oh 


High-level output current 


Vcc = 4. 75V, V|H = 2V, Vqh = 30V 






100 


juA 


Vol 


Low-level output voltage 


Vcc = 4. 75V 
V|L = 0. 8V 


loL= 100mA 




0. 25 


0.4 


V 


loL = 300mA 




0.5 


0.7 


l|H 


High-level input current 


Vcc = 5. 25V 


V| = 2. 4V 






40 


juA 


V| = 4. 5V 






60 


IlL 


Low-level input current 


Vcc = 5. 25V, V| = 0. 4V 




-1 


-1.6 


mA 


'CCH 


Supply current, all outputs high 


Vcc = 5. 25V, V, = 5V 




7 


11 


mA 


'CCL 


Supply current, all outputs low 


Vcc = 5. 25V, V, = OV 




52 


65 


mA 



* : A typical value at Tg = 25°C . 



SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25°C, unless otherwise noted) 



Symbol 
(Note!) 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH(A-Y) 


Low-to-high-level output, high-to-low-level output 
propagation time; from input A, B, to output Y 


lo«200mA 

Cl= 15pF, Rl= 50n 
(Notes 2, 3) 




18 


25 


ns 


tpHL(A-Y) 




18 


25 


tTLH(Y) 


Low-to-high-level output, high-to-low-level output 
transition time; output Y 




6 


10 


ns 


tTHL(Y) 




9 


15 



Note 1 : Symbols indicate representative examples 
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y 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54601P 



DUAL PERIPHERAL POSITIVE AND DRIVER 



TIMING DIAGRAM (Reference level = 1.5V) 



Note 2 : Test circuit 



10V 



INPUT 



OUTPUT 




tTHL(Y) 



tTLH(Y) 



Note 



1 ) 



son 




The pulse generator (PG) has the following characteristics 
tr ^ 10ns, tf ^ 5ns, PRR = 1MHz, 
tpw = 500ns, Vp = 3Vp.p, Zq = 50n 
Cl includes probe and jig capacitance 
Output breakdown voltage drops upon switching. 
Example Iql = 300mA @ Vq = 15V and Iql = 100mA @ Vq 
= 20V In case of inductive load use, lower supply voltage 
When driving a relay be sure to use a diode in the relay coil 
to protect against the IC being damaged by relay coil gener- 
ated counter-electromotive force or when relay coil voltage 
drops below 1 2V 



TYPICAL CHARACTERISTICS 

HEAT DISSIPATION 
CHARACTERISTICS 



1000 




APPLICATION EXAMPLE 

RELAY DRIVER 



INPUT AO- 
STROBE o- 
INPUT Bo- 



10 20 30 40 50 60 70 80 90 100 



+5V 



8 7 6 5 




2 3 4 



J 



FREE-AIR AMBIENT TEMPERATURE Ta(°C) 



A MITSUBISHI 
ELECTRIC 
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MITSUBISHI BIPOLAR DIGITAL ICs 

iVi54602P 

DUAL PERIPHERAL POSITIVE NAND DRIVER 



DESCRIPTION 

M54602P is a semiconductor integrated circuit containing 2 
circuits with TTL constructed logical NAND drivers, each 
having high output current and high breakdown output volt- 
age characteristics. . 

FEATURES 

• High output current (lo=300mA) 

• High breakdown output voltage (Vo=30V) 

• High speed switching (tpci=25ns) 

• A small 8 pin DIL package 

APPLICATION 

General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTION 

The output being an open collector, each circuit is capable 
of handling a maximum output current of 300mA when in 
low-level output and, when in high-level output, a maximum 
voltage of 30V can be applied. As mean propagation delay 
time is 25ns, high speed switching is possible. Supply volt- 
age being 5V±5% and input being TTL, this IC can be 
connected directly to TTL This IC has a broad range of ap- 
plication as a relay and lamp driver as well as a MOS 
MEMORY driver. 

FUNCTION TABLE 



A 


B 


Y 


L 


L 


H 


L 


H 


H 


H 


L 


H 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 



1A— [T 
I 1B->[7 
OUTPUT 1Y^[T 
GND [T 



o 
ro 
■D 





Vcc 




2B 




2A 




2Y 



Outline 8P4 



CIRCUIT SCHEMATIC (EACH DRIVER) 




-o GND 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta = 0~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V, 


Input voltage 




5.5 


V 


V,E 


Interemitter voltage 




5.5 


V 


Vo 


Output voltage 


High-level state 


30 


V 


•o 


Output current 


Low-level state 


300 


nnA 


Pd 


Power dissipation 


Ta ^ 25°C 


800 


mW 


Topr 


Operating temperature 




0—75 


°C 


Tstg 


Storage temperature 




-65~+150 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54602P 



DUAL PERIPHERAL POSITIVE NAND DRIVER 



RECOMMENDED OPERATING CONDITIONS (Ta = 0~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 


Vo 


Output voltage 


High-level state 






24 


V 


loL 


Low-level output current 


Vol = 0. 4V 






100 


nnA 


Vol = 0. 7V 






300 



ELECTRICAL CHARACTERISTJCS (Ta = 0~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V,H 


High-level input voltage 




2 






V 


V,u 


Low-level input voltage 








0.8 


V 


V,c 


Input clamp voltage 


Vcc = 4. 75V, lie = -12mA 






-1.5 


V 


'oh 


High-level output current 


Vcc = 4. 75V, V|L = 0. 8V, Vqh = 30V 






100 




Vol 


Low-level output voltage 


Vcc = 4. 75V 
ViH = 2V 


loL= 100mA 




0. 25 


0.4 


V 


loL = 300mA 




0.5 


0.7 


l|H 


High-level input current 


Vcc = 5. 25V 


V| = 2. 4V 






40 




V| = 4. 5V 






60 


l|L 


Low-level input current 


Vcc = 5. 25V, V| = 0. 4V 




-1 


-1.6 


nnA 


'CCH 


Supply current, all outputs high 


Vcc = 5. 25V, V| - OV 




11 


14 


nnA 


'CCL 


Supply current, all outputs low 


Vcc = 5. 25V, V| = 5V 




56 


71 


nnA 



* : A typical value at Ta = 25°C 



SWITCHING CHARACTERISTICS (Vcc = 5V. Ta = 25r . unless otherwise noted) 



Symbol 
(Notel) 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH(A-Y) 


Low-to-high-level output, high-to-low-level output 
propagation time, from input A, B, to output Y 


lo«s 200mA 

Cl= 15pF, RL = 50n 
(Notes 2, 3) 




26 


35 


ns 


tpHL(A-Y) 




24 


35 


ns 


tTLH(Y) 


Low-to-high-level output, high-to-low-level output 
transition time, output Y 




6 


10 


ns 


tTHL(Y) 




9 


15 


ns 



Note 1 : Symbols are representative examples 



A MITSUBISHI 
ELECTRIC 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54602P 



DUAL PERIPHERAL POSITIVE NAND DRIVER 



TIMING DIAGRAM (Reference level = 1.5V) 




tTHL(Y) 



Note 2 : Test circuit INPUT 



10V 

OUTPUT ? 



PG 



"1 



DUT 



Rl 



=FCl 



1 ) 



2) 

Note 3 : 



The pulse generator (PG) lias the following characteristics 
tr ^ 5ns, tf ^ 10ns, PRR = 1MHz, 
tpw = 500ns, Vp = 3Vp.p, Zq = 50n. 
Cl includes probe and jig capacitance 
Output breakdown voltage drops upon switching 
Example- Iql = 300mA @ Vq = 15V and Iql = 100mA @ Vq 
= 20V In case of inductive load use, lower supply voltage. 
When driving a relay be sure to use a diode in the relay coil 
to protect against the IC being damaged by relay coil gener- 
ated counter-electromotive force or when relay coil voltage 
drops below 12V. 



TYPICAL CHARACTERISTICS 



1000 



HEAT DISSIPATION 
CHARACTERISTICS 




APPLICATION EXAMPLE 

TTL or DTL POSITIVE LOGIC LEVEL DETECTOR 

H-5V0 



INPUTo 



TEST 

, " 1 " 



' TEST 
" 0 " 



220k a t 



0 10 20 30 40 50 60 70 80 90 100 



FREE-AIR AMBIENT TEMPERATURE TgCC) 



' 1 " "0 " 



mrhrtirtT 



I 390k n 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54603P 

DUAL PERIPHERAL POSITIVE OR DRIVER 



DESCRIPTION 

M54603P is a semiconductor integrated circuit containing 2 
circuits with TTL constructed logical OR drivers, each hav- 
ing high output current and high breakdov\/n output voltage 
characteristics. 

FEATURES 

• High output current (lo=300mA) 

• High breakdown output voltage (Vo=30V) 

• High speed switching (tpci=1 7ns) 

• A small 8 pin DIL package 

APPLICATION 

General purpose, for use In Industrial and consumer digital 
equipment. 

FUNCTION 

The output being an open collector, each circuit is capable 
of handling a maximum output current of 300mA when in 
low-level output and, when in high-level output, a maximum 
voltage of 30V can be applied. As mean propagation delay 
time is 17ns, high speed switching is possible. Supply volt- 
age being 5V±5% and input being TTL, this IC can be 
connected directly to TTL. This IC has a broad range of ap- 
plication as a relay and lamp driver as well as a MOS 
MEMORY driver. 



FUNCTION TABLE 



A 


B 


Y 


L 


L 


L 


L 


H 


H 


H 


L 


H 


H 


H 


H 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 

IB- 
OUTPUT lY- 



1A-«-[T 

•[I 

GND [T 



TIT- 



o 

CO 

-a 



H Vcc 
T]*-2B 
T|'-2A 
"s]-*- 2Y OUTPUT 



Outline 8P4 



CIRCUIT SCHEMATIC (EACH DRIVER) 



4k f2.2k f4k 



INPUTS < 



Ao- 




n40 



^^y^ l1k 



Y OUTPUT 



3.9k 



-oGND 



ABSOLUTE MAXIMUM RATINGS da = 0~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V, 


Input voltage 




5.5 


V 


V,E 


Interemitter voltage 




5.5 


V 


Vo 


Output voltage 


High-level state 


30 


V 


'o 


Output current 


Low-level state 


300 


nnA 


Pd 


Power dissipation 


Ta ^ 25°C 


800 


mW 


Topr 


Operating temperature 




0—75 


"C 


Tstg 


Storage temperature 




-65 — 1-150 





A MITSUBISHI 
ELECTRIC 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54603P 



DUAL PERIPHERAL POSITIVE OR DRIVER 



RECOMMENDED OPERATING CONDITIONS (Ta = 0-75 C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 


Vo 


Output voltage 


High-level state 






24 


V 


loL 


Low-level output current 


Vol = 0. 4V 






100 


mA 


Vol = 0. 7V 






300 



ELECTRICAL CHARACTERISTICS da = 0-75 C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V,H 


High-level input voltage 




2 






V 


V,u 


Low-level Input voltage 








0.8 


V 


V,c 


Input clamp voltage 


Vcc ==4. 75V, lie = -12mA 






-1.5 


V 


'oh 


High-level output current 


Vcc = 4. 75V, ViH = 2V, Voh = 30V 






100 




Vol 


Low-level output voltage 


Vcc = 4. 75V 
V,L = 0. 8V 


loL= 100mA 




0. 25 


0.4 


V 


loL = 300mA 




0.5 


0.7 


l|H 


High-level input current 


Vcc = 5. 25V 


V| = 2. 4V 






40 




V| = 4. 5V 






60 


l|L 


Low-level input current 


Vcc = 5. 25V, V| = 0. 4V 




-1 


-1.6 


mA 


'CCH 


Supply current, all outputs high 


Vcc = 5. 25V, V| = 5V 




8 


11 


mA 


•CCL 


Supply current, ali outputs low 


Vcc = 5. 25V, V| = OV 




54 


68 


mA 



* : A typical value at Ta = 25°C . 



SWITCHING CHARACTERISTICS (Vcc = 5V. Ta = 25r . unless otherwise noted) 



Symbol 
(Notel) 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tpLH(A-Y) 


Low-to-high-level output, high-to-low-level output 
propagation time; from input A, B to output Y 


lo«200mA 

Cl= 15pF, RL = 50n 
(Notes 2, 3) 




18 


25 


ns 


tpHL(A-Y) 




16 


25 


ns 


^tlhCy) 


Low-to-high-level output, high-to-low-level output 
transition time; output Y 




6 


10 


ns 


^thl(y) 




9 


15 


ns 



Note 1 ! Symbols are representative examples 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54603P 



DUAL PERIPHERAL POSITIVE OR DRIVER 



TIMING DIAGRAM (Reference level = 1.5V) 



Note 2 : Test circuit 




tjHLCY) 



tTLH(Y) 



INPUT 



PG 



son 




10V 

OUTPUT ? 



Rl 



The pulse generator (PG) has the following characteristics: 
tr ^ 10ns, tf ^ 5ns, PRR = 1MHz, 
tpw = 500ns, Vp = 3Vp.p, Zq = 50n . 
Cl includes probe and jig capacitance. 
Output breakdown voltage drops upon switching. 
Examples: Iql = 300mA @ Vq = 15V and Iql = 100mA @ Vq 
= 20V. In case of inductive load use, lower supply voltage. 
When driving a relay be sure to use a diode in the relay coil 
to protect against the 10 being damaged by relay coil gener- 
ated counter-electromotive force or when relay coil voltage 
drops below 12V. 



TYPICAL CHARACTERISTICS 



1000 



§ w 400 

z tr 300 
O uJ 

O g 200 



HEAT DISSIPATION 
CHARACTERISTICS 




10 20 30 40 50 60 70 80 90 100 



FREE-AIR AMBIENT TEMPERATURE TgC'C) 



APPLICATION EXAMPLE 

LOGIC SIGNAL COMPARATOR 

4-5VO 



INPUT A c 
STROBE o- 
INPUT B c 



Mkfl 



7 6 5 




-o OUTPUT 



A MITSUBISHI 
ELECTRIC 
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MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54604P 

DUAL PERIPHERAL POSITIVE NOR DRIVER 



DESCRIPTION 

M54604P is a semiconductor integrated circuit containing 2 
circuits witli TTL constructed logical NOR drivers, each 
having high output current and high breakdown output volt- 
age characteristics. 

FEATURES 

• High output current (lo=300mA) 

• High breakdown output voltage (Vo=30V) 

• High speed switching (tpd=25ns) 

• A small 8 pin DIL package 

APPLICATION 

General purpose, for use in industrial and consumer digital 
equipment. 

FUNCTION 

The output being an open collector, each circuit is capable 
of handling a maximum output current of 300mA when In - 
low-level output and, when In high-level output, a maximum 
voltage of 30V can be applied. As mean propagation delay 
time is 25ns, high speed switching is possible. Supply volt- 
age being 5V±5% and input being TTL, this IC can be 
connected directly to TTL. This IC has a broad range of ap- 
plication as a relay and lamp driver as well as a MOS 
MEMORY driver. 



FUNCTION TABLE 



A 


B 


Y 


L 


L 


H 


L 


H 


L 


H 


L 


L 


H 


H 


L 



PIN CONFIGURATION (TOP VIEW) 



INPUTS 



IB- 
OUTPUT lY" 



-[3 
GND [T 



2 

a> 

2 



U Vcc 
T]*-2B 

y INPUTS 

J]^2A 

T] 2Y OUTPUT 



Outline 8P4 



CIRCUIT SCHEMATIC (EACH DRIVER) 



<5Vcc 



IN 

PUTS 



Bo- 




ii^it Ilk 



-oGND 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta = 0~75°C, unless otherwise noted) 



SymboN 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V, 


input voltage 




5.5 


V 


V,E 


Interemitter voltage 




5.5 


V 


Vo 


Output voltage 


High-level state 


30 


V 


lo 


Output current 


Low- level state 


300 


mA 


Pd 


Power dissipation 


Ta ^ 25°C 


800 


oiW 


Topr 


Operating temperature 




0—75 


°C 


Tstg 


Storage temperature 




-65 — 1-150 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOL.AK uiuiiMi- ivs 

M54604P 



DUAL PERIPHERAL POSITIVE NOR DRIVER 



RECOMMENDED OPERATING CONDITIONS da = 0-75 C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 


Vo 


Output voltage 


High-level state 






24 


V 


loL 


Low-level output current 


Vol = 0. 4V 






100 


mA 


Vol = 0. 7V 






300 



ELECTRICAL CHARACTERISTICS (Ta = 0~75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V,H 


High-level input voltage 




2 






V 


V,L 


Low-level input voltage 








0.8 


V 


V,c 


Input clamp voltage 


Vcc = 4. 75V. lie = -12mA 






-1.5 


V 


'oh 


High-level output current 


Vcc = 4. 75V, ViH = 0. 8V, Vqh = 30V 






100 




Vol 


Low-level output voltage 


Vcc = 4. 75V 
V,H = 2V 


loL= 100mA 




0. 25 


0.4 


V 


loL = 300mA 




0.5 


0.7 


l|H 


High-level input current 


Vcc = 5. 25V 


V, = 2. 4V 






40 


/.A 


V, = 4. 5V 






60 


l|L 


Low-level input current 


Vcc = 5. 25V, V| = 0. 4V 




-1 


—1.6 


mA 


'CCH 


Supply current, all outputs high 


Vcc = 5. 25V, V| = OV 




13 


17 


mA 


'CCL 


Supply current, all outputs low 


Vcc = 5. 25V, V| = 5V 




61 


79 


mA 



* : A typical value at Ta = 25°C. 



SWITCHING CHARACTERISTICS (Vcc = 5V, Ta = 25°C, unless otherwise noted) 



Symbol 
(Note!) 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH(A-Y) 


Low-to-high-level output, high-to-low-level output 
propagation time, from input A, B to output Y 


lo«200mA 

Cl= 15pF, RL = 50n 
(Notes 2. 3) 




27 


35 


ns 


tpHL(A-Y) 




24 


35 


ns 


tTL.H(Y) 


Low-to-high-level output, high-to-low-level output 
transition time; output Y 




6 


10 


ns 


tTHL(Y) 




9 


15 


ns 



Note 1 Symbols are representative examples 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54604P 



DUAL PERIPHERAL POSITIVE NOR DRIVER 



TIMING DIAGRAM (Reference level = 1. 5V) 



Note 2 : Test circuit 




tTHL(Y) 



tTLH(Y) 



10V 



INPUT 



OUTPUT 



PG 



son:: 



DUT 



1 . The pulse generator (PG) has the following characteristics: 
tr ^ 10ns, tf ^ 5ns. PRR = 1 MHz, 
tpw = 500ns, Vp = 3Vp.p, Zo = 50n 

2 . Cl includes probe and jig capacitance. 
Note 3 : Output breakdown voltage drops upon switching 

Examples: Iql = 300mA @ Vq = 15V and lou = 100mA @ Vq 
= 20V. In case of inductive load use, lower supply voltage. 
When driving a relay be sure to use a diode in the relay coil 
to protect against the IC being damaged by relay coil gener- 
ated counter-electromotive force or when relay coil voltage 
drops below 12V. 



TYPICAL CHARACTERISTICS 

HEAT DISSIPATION 
CHARACTERISTICS 



1000 




S I 500 

5 w 400 

z a: 300 
O iiJ 

O I 200 



APPLICATION EXAMPLE 

ALARM DETECTOR 

+5V o- 

FROM ALARM 
TRANSDUCERS 1 o- 



10 20 30 40 50 60 70 80 90 100 



FREE-AIR AMBIENT TEMPERATURE Ta(°C) 



FROM ALARM }o 
TRANSDUCERS I <^ 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M5460SP 

DUAL PERIPHERAL POSITIVE NAND DRIVER 



DESCRIPTION 

M54605P is a semiconductor integrated circuit containing 2 
circuits with TTL constructed logical AND gates and high 
current, high breakdown voltage NPN transistors. 



FEATURES 

• AND gates and NPN transistors are independent of 
each other. 

• High current (Ic = 300mA) , high breakdown voltage 
(BVcER=30V) NPN transistors 

• High speed switching (tpd=28ns) 

• SUB pin provided 

• Strobe input provided 



APPLICATION 

General purpose, for use In industrial and consumer digital 
equipment. 

FUNCTION 

This is a high speed driver containing two 2-input AND 
gates with two NPN transistors (lc = 300mA, BVcer = 30V, 
Rbe^SOOD). 

A wide range of application is insured as AND gate outputs 
and NPN transistor bases can be either connected or used 
as independent circuits. SUB pin must always be at the 
most negative device voltage for proper operation, whether 
it is GND line or the IC itself. 



PIN CONFIGURATION (TOP VIEW) 



STROBE INPUT 


G 










Vcc 




INPUT 


1A 








1- 


2A 


INPUT 


OUTPUT 


1Y 










2Y 


OUTPUT 


BASE 


IB 


H 


54605 




13 


2B 


BASE 


COLLECTOR 


1C 


H 


u 




1 


2C 


COLLECTOR 


EMIHER 


1E 


K 






1 


2E 


EMITTER 


GND 


[I 






I] 


SUB 





Outline 14P4 



FUNCTION TABLE 
Gate only 



Gate and transistor 



A 


G 


Y 




A 


G 


C 


L 


L 


L 




L 


L 


H 


L 


H 


L 




L 


H 


H 


H 


L 


L 




H 


L 


H 


H 


H 


H 




H 


H 


L 



When gate output Y and transistor 
base B, and when each ennitter E 
and GND are connected directly 
and collector C is the output 



CIRCUIT SCHEMATIC 



Vcc (14 



BASE EMITTER 
1B 1E 

-<*>-^ 1 



INPUT 1Ar2 



STROBE INPUT G (t> 



INPUT 2A@- 



GND 




C COLLECTOR 



8) SUB 



m) 20 COLLECTOR 



2Y 1Y 2B 2E 

OUTPUTS BASE EMITTER 



Unit : n 



A MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54605P 



DUAL PERIPHERAL POSITIVE HAND DRIVER 



ABSOLUTE MAXIMUM RATINGS da = 0-^75C, unless otherwise noted) 



Symbol 


Psrsmeter 


Conditions 


Ratings 




Vcc 


Supply voitaQe 




7 




v. 

* 1 


Input voltdQe 




5. 5 


V 


V,E 


Interemitter voltage 




5.5 


V 


Vccs 


Vcc to substrate voltage 




35 


V 


Vcs 


Collector to substrate voltage 




35 


V 


VcB 


Collector base voltage 




35 


V 


VcE 


Collector emitter voltage 


The base-emitter resistance (Rbe) is Rbe ^ SOOfi. 


30 


V 


Veb 


Emitter base voltage 




5 


V 


Ic (Notel) 


Collector current 




300 


mA 


Pd 


Power dissipation 


Ta ^ 25°C 


800 


mW 


Topr 


Operating temperature 




0—75 


°C 


Tstg 


Storage temperature 




-65 — 1-150 


"C 



Note 1 '. Both halves of these dual circuits may conduct rated current simultaneously; but only if used within heat dissipation rating. 



RECOMMENDED OPERATING CONDITIONS (Ta = 0~75C. unless otherwise noted) 

TTL Gate 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 


Fo 


Fan out 






10 




Gate and transistor combined 


Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vo 


Output voltage 


High-level state 






24 


V 




Low-level output current 


Vol = 0. 4V 






100 


mA 


Vol = 0. 7V 






300 



ELECTRICAL CHARACTERISTICS da = 0~75r , unless otherwise noted) 

TTL Gate 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V,H 


High-level input voltage 




2 






V 


V,L 


Low-level input voltage 








0.8 


V 


V.c 


Input clamp voltage 


Vcc = 4. 75V, lie = -12mA 






-1.5 


V 


VoH 


High-level output voltage 


Vcc = 4. 75V, V|H = 2V, Ioh = -400/^A 


2.4 


3.3 




V 


Vol 


Low-level output voltage 


Vcc = 4. 75V, V|L = 0. 8V, Iol = 16mA 




0. 22 


0.4 


V 


l|H(A) 


High-level input current 


Input A 


Vcc = 5. 25V 


V| = 2. 4V 






40 


juA 


V| = 4. 5V 






60 


l|H(Q) 


Input G 


Vcc = 5. 25V 


V, = 2. 4V 






80 


uA 


V, = 4. 5V 






120 


•lL(A) 


Low-level input current 


Input A 


Vcc = 5. 25V, V| = 0. 4V 






-1.6 


mA 


•lL(Q) 


Input G 


Vcc = 5. 25V, V, = 0. 4V 






-3.2 


mA 


'os 


Short circuit output current (Note 2) 


Vcc = 5. 25V 


-18 




-55 


mA 


'CCH 


Supply current, all outputs high 


Vcc = 5. 25V, V| = 5V 




10 


14 


mA 


'CCL 


Supply current, all outputs low 


Vcc = 5. 25V, V| = OV 




15 


20 


mA 



* : A typical value at Tg = 25'C . 
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Transistor 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


QW 


v^uiiov/iui uei9(3 uioai\U(jwn vuiiayc 


lc = 100/^A, Ie = 0 


35 








BVcER 


Collector emitter breakdown voltage 


lc = 1O0/^A, RBE = 500n 


30 






V 


BVebo 


Emitter base breakdown voltage 


Ie= 100a(A, Ic = 0 


5 






V 




Static forward current transfer ratio 
(Note 3) 


VcE = 3V 
Ta = 25""C 


lc= 100mA 


25 








Ic = 300mA 


30 






VcE = 3V 
Ta = 0°C 


lc = 100mA 


20 






lc=300mA 


25 






Vbe 


Base emitter voltage 
(Note 3) 


Ib= 10mA. Ic = 100mA 




0. 85 


1 


V 


Ib = 30mA, Ic = 300mA 




1.05 


1.2 


VcE(sat) 


Collector emitter saturation voltage 
(Note 3) 


Ib = 10mA. Ic = 100mA 




0. 25 


0.4 


V 


Ib = 30mA. Ic = 300mA 




0.5 


0.7 



* : A typical value at Ta=25°C. 



With TTL Gate output connected to transistor base 'B', 
and each emitter 'E' and GND connected 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


'oh 


High-level output current 


Vcc = 4. 75V, V| = 0. 8V, Vq = 30V 






100 


//A 


Vol 


Low-level output voltage 


Vcc = 4. 75V 
V, = 2V 


loL= 100mA 




0. 25 


0.4 


V 


loL = 300mA 




0.5 


0.7 


'CCL 


Supply current, all outputs low 


Vcc = 5. 25V, V| = 5V 






71 


mA 



* : A typical value at Ta = 25°C . 
Note 2 .' Not nnore than one output should be shorted at a time. 

3 1 Test with pulse width of 300/zs, and duty cycle of ^2% pulse. 



SWITCHING CHARACTERISTICS (Vcc = 5V. Ta = 25'C, unless otherwise noted) 

TTL Gate 



Symbol 
(Note 4) 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH(A-Y) 


Low-to-high-level output, high-to-low-level output 


Cl= 15pF. RL=400n 
(Note 5) 




20 


32 


ns 


tpHL(A-Y) 


propagation time; from input A, G to output Y 




16 


25 


ns 


Output transistor 


Symbol 
(Note 4) 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


td(B-c) 


Delay time 


lc« 200mA. Ib(i) = 20mA 
Ib(2) = -40mA, VBE(off) = -IV 
Cl= 15pF, RL = 50n 
(Notes 6, 7) 




8 


15 


ns 


tTHL(C) 


Rise time 




12 


20 


ns 


ts(B-C) 


Stotage time 




7 


15 


ns 


tTLH(C) 


Fall time 




6 


15 


ns 


TTL Gate and output transistor combined 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH(A-C) 


Low-to- high- level output, high-to-low-level output 
propagation time; from input A, G to output C 


Ic « 200mA 

Cl= 15pF, RL = 50n 

(Notes 7, 8) 




28 


40 


ns 


tpHL(A-C) 




28 


40 


ns 


tTLH(C) 


Low-to-high-level output, high-to-low-level output 
transition time; output C 




7 


12 


ns 


*THL(C) 




9 


15 


ns 



Note 4 : Symbols indicate representative examples. 
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TIMING DIAGRAM (Reference level = 1 5V) 



A. G 



\ / 



tpHL(A-Y) 



tpLH(A-Y) 



\ y 



A, G 



tTLH(C) 



tTHL(C) 



TYPICAL CHARACTERISTICS 

HEAT DISSIPATION 
CHARACTERISTICS 



1000 
^ 900 

2 £ 800 
^ P 

1 ^ 700 

I O 600 

^ ^500 
O CO 

3 W 400 

z q: 300 

O ^ 

O g 200 

Q. 

100 



■ 3V 
■OV 

■ VoH 





0 10 20 30 40 50 60 70 80 90 100 
FREE-AIR AMBIENT 
TEMPERATURE Ta(°C) 



Note 5 Measurement circuit 

INPUT 



OUTPUT ? 



PG 



son 



DUT 



►I ► ! ► ! 



The pulse generator (PG) has the following characteristics- 

tr ^ 5ns, tf ^ 1 0ns, PRR = 1 MHz, 

tpw = 500ns, Vp = 3Vp.p, Zo = 50n 

All diodes are high speed switching diodes (trr ^ 4ns). 

Cl includes probe and jig capacitance. 



Note 6 : Test circuit 

INPUT 




OUTPUT 



1 . The pulse generator (PG) has the following characteristics: 
tr ^ 5ns, tf ^ 5ns, DUTY CYCLE ^ ^%, 
tpw = 300ns, Vp = 3Vp.p, Zq = 500. 
Note 7 : Output breakdown voltage drops upon switching 

Examples: Iql = 300mA @ Vq = 15V and Iql = 100mA @ Vq 
= 20V In case of inductive load use, lower drive supply volt- 
age. 

When driving a relay be sure to use a diode in the relay coil 
to protect against the IC being damaged by relay coil gener- 
ated counter-electromotive force or when relay coil voltage 
drops below 12V. 



Note 8 : Measurement circuit 
INPUT 2.4V 




o OUTPUT 



777" Tfr 

1 . The pulse generator (PG) has the following characteristics 
tr ^ 5ns, tf ^ 1 0ns, PRR = 1 M Hz, 
Tpw = 500ns, Vp = 3Vp.p, Zq = 500 . 
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APPLICATION EXAMPLES 

500mA SINK 

-h5V 



INPUTS 




33k n 



DUAL MOS TO TTL CONVERTER 

+_5V -V2(-10V) 

' 



1A <>--p-A|V^-j- 



39pF 



22kn 



2.7kn 



^ni^ii[jiijf?ii[L 



-o OUTPUT 



STROBE o 



2A 




-o TTL 



i 2.7kn 



GATED COMPARATOR 



2AO- 



39pF 

BALANCED LINE DRIVER 

+5V 



+5V ^ ■ 




INPUTS 



L^LJUJ LJIjJLjJ 



nka |39oa i 



-o OUTPUT 




INPUT o- 



TJ^jJLjJLjJLjJIgC: 



o Line1 



TWISTED 
PAIR LINE 



Y = G + 1A-2A+1A-2A 



DUAL TTL TO MOS CONVERTER 



SQUARE-WAVE GENERATOR 

+5V STROBE 

X 



+5V 



-V2(-10V) 
9 



4 7 k a 




m 



SUB 



GND 



STROBE o- 
2A o 




|1M2M3J^4|I5M6M7| 



-o MOS 




+5V0- 



-o MOS 



4 7kn 



820 820 



OA/u 




SUB 



GND 



STROBE o- 



|^L |IL3jML|jqTITr 



UNIT R : n 
c : F 



^8.2k 



-oQ 

OUTPUT 



-O Q 

OUTPUT 
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DESCRIPTION 

The M54610P is a semiconductor integrated circuit consist- 
ir>g of an 8-bit parallel data interface. 

FEATURES 

• I/O electrical characteristics equivalent to LSTTL 

• 3-state 8-bit data output 

• Strobe signal with polarity switching input 

• Wide operating temperature range Ta=— 20 — l-75°C 

APPLICATION 

Printer 

FUNCTION 

The M54610P, when used in a printer, is capable of im- 
plementing a standard 8-bit parallel data interface. As 
shown in the timing diagram, printing data DIN 1 through 8 
and strobe pulses STB are input from a host computer. 
Data are exchanged by outputing the BUSY and ACK 
(ACKNOWLEDGE) signals to the host computer. 
Control signals EBSY, CS, WR, RD and ACKI are input from 
a printer controller, and this IC outputs DOU 1 through 8, 
and BSYF. 



PIN CONFIGURATION (TOP VIEW) 


BUFFER 1 INPUT 


BI1 


LL 








Vcc 




BUFFER 
2 OUTPUT 


B02 








771 ^ 


BIS BUFFER 5 INPUT 


BUFFER 2 INPUT 


BI2 


Li. 








on'k BUFFERS 
OUTPUT 


BUFFER 
5 OUTPUT 


B05 


Ll 






39] — -». 


RDY READY OUTPUT 


Ri ipppR INPI IT 
Dur rcn o iiMr »j i 


BI3 


-..IT 








614 BUFFER 4 INPUT 




QND 


r? 








pcvcBUSY FLAG 
BSYF OUTPUT 


\ BUFFER 
4 OUTPUT 


804 


rrr 








EBSY EXT BUSY 

INPUT 


BUFFER 
1 OUTPUT 


B01 


IT 






351 


GND 




BUSY OUTPUT 


BUSY 


IT 








BUSY SELECT 
BSSL INPUT 


ACKNOWLEDGE 
OUTPUT 


ACK 




2 






77^177 ACKNOWLEDGE 
AUM INPUT 




DINS 




2 






7=:^ CHIP SELECT 
INPUT 




DIN7 




o 






Wfl WRITE INPUT 




DIN6 




D 




30] 


RD READ INPUT 




DINS 










D0U8 




DATA INPUTS 


DIN4 










D0U7 






DIN3 










D0U6 






DIN2 








26|-* 


DOUS 


DATA 




DIN1 










D0U4 


OUTPUTS 


STROBE INPUT 


STB 










D0U3 




STROBE 
SWITCH 


PSW 










D0U2 




INPUT 


GND 


F 






22] 


D0U1 








0 


Jtllne 42P- 


4B 
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BLOCK DIAGRAM 

BUFFER 1 WTT 
INPUT "'^ 

BUFFER 2 ^ /^^\0D 
OUTPUT V ^ 

BUFFER 2 ^ 
INPUT ^'^ 



ACKNOWLEDGE I ^nP^ 



Vcc 

— BUFFERS 
BI5 INPUT 

on'j BUFFER 3 
^^•^ OUTPUT 

RDY READYOUTPUT 

HTI BUFFER 4 
INPUT 

— — BUSY FLAG 
BSYF OUTPUT 

pocY EXT BUSY 
GND 

Dcjci BUSY SELECT 
BSSL INPUT 



ACKNOWLEDGE 
INPUT 




CHIP SELECT 
INPUT 

WR WRITE INPUT 
RD READ INPUT 



STROBE z^- 
INPUT STB (j19 



STROBE HqU^; 
SWITCH PSW (^0>— i 



INPUT 



GND 



Note. lA, OD, and other marking at the I/O pins indicate the output circuit type 
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I/O CIRCUIT 



INPUT CIRCUIT TYPE : lA. lAA 



INPUT 0~ 



lAA ONLY 
Fl : 2 



INPUT CIRCUIT TYPE : IR, IRR 




INPUT CIRCUIT TYPE : IS 



OUTPUT CIRCUIT TYPE : OA 



Vcc 



INPUT 




GND 



GND 



OUTPUT CIRCUIT TYPE : OR, CD 



OUTPUT CIRCUIT TYPE : OZ 



RESISTANCE 
IS INFINITE 
^FOR OD 
CIRCUIT 



OUTPUT 



OUTPUT 



GND 



GND 
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PIN DESCRIPTION 



Pin number 


Symbol 


Description 


9 


BUSY 


BUSY output to host 


10 


ACK 


ACKNOWLEDGE output to host 


1 1 

s 

18 


DINS 
DIN1 


8-bit parallel data input from host 


19 


STB 


Data strobe pulse input from host 


20 


PSW 


Polarity switching input for STB 


6 
21 
35 


GND 


GND 


22 
29 


DOU1 

S 

DOU8 


8-bit parallel data output to printer controller (3-state) 


30 


RD 


Read input from printer controller 


31 


WR 


Write input from printer controller 


32 


CS 


Chip select input from printer controller 


33 


ACKI 


ACKNOWLEDGE input from pnnter controller 


34 


BSSL 


BUSY select input. Switches busy timing 


36 


EBSY 


External BUSY Input from printer controller 


37 


BSYF 


BUSY flag output to printer controller 


39 


RDY 


Inverted BUSY output to printer controller 


42 


Vcc 


Power supply 



OPERATIONAL TIMING DIAGRAM 



-WHEN INITIALIZED- 



-WHEN DATA IS REAE- 



INPUT FROM 

PRINTER 

CONTROLLER 



OUTPUT TO 

PRINTER 

CONTROLLER 



OUTPUT TO 
HOST 

CONTROLLER 



INPUT FROM 
HOST 

CONTROLLER 



EBSY 

CS 

WR 

RD 

ACKI 

D0U1~8 
L BSYF 

ACK 
BUSY 

STB 
DIN1~8 



--1*2 



* 1 



£ 



* 2 



VALID DATA 



* 1 : The broken lines of BSYF and BUSY show the timing when PSW is low 

* 2 : The broken lines of BUSY signal show the timing when BSSL is low 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5~H-7 


V 


V, 


Input voltage 


IR, IS 




-0. 5 — h15 


V 


lA, lAA, IRR 




—0. 5— Vcc 


Vo 


Output voltage 


OR 


When output is high 


-0.5 — hl5 


V 


OA, OD 


When output is high 


—0. 5— Vcc 


OZ 


When output is high 


-0. 5— h5. 5 


Topr 


Operating temperature 




-20 — h75 


'C 


Tstg 


Storage temperature 




-55 — 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta 20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


MIn 


Typ 


Max 


Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 






OR, OA 


0 




-400 


/^A 


'oh 


High-level output current 


OZ 


0 




-2.6 


mA 






OD Vo=5. 5V 


0 




100 


nk 






OR, OA 


0 




8 




'OL 


Low-level output current 


OZ 


0 




8 


mA 






OD 


0 




100 





ELECTRICAL CHARACTERISTICS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


f^ax 


V,H 


High-level input voltage 


lA, lAA, IRR, IR 




2 






V 


V,u 


Low-level input voltage 


lA, lAA, IRR, IR 








0.8 


V 


Vt+ 


Positive threshold voltage 


IS 


Vcc=5V 


1.4 


1.6 


1.9 


V 


Vt- 


Negative threshold voltage 


IS 


Vcc=5V 


0.5 


0.8 


1.0 


V 


Vt+-Vt- 


Hysteresis width 


IS 


Vcc=5V 


0.4 


0.8 




V 


V.c 


Input clamp voltage 


All inputs 


Vcc=4.75V, l,= -lmA 






-1.5 


V 


VoH 


High-level output voltage 


OA 


Vcc=4. 75V 


loH=-400/^A 


2.7 


3.1 




V 


OZ 


loH=-2. 6mA 


2.4 


2.9 




OR 


loH=-400/^A 


2.4 


3.1 




'oh 


High-level output current 


OD 


Vcc=4. 75V, Vo=5. 5V 






100 


;^^A 


Vol 


Low-level output voltage 


OD 


Vcc=4. 75V 


loL=24mA 




0.3 


0.4 


V 


OA, OZ 


ioL=8mA 




0.3 


0.4 


OR 


loL=8mA 




0.3 


0.4 


'OZH 


Off-state high-level output current 


OZ 


Vcc=5.25V 






20 


/.A 


'OZL 


Off-state low-level output current 


OZ 


Vcc=5. 25V 






-20 


//A 


l|H 


High-level input current 


lA, IS 


Vcc=5. 25V, V|=2. 7V 






20 


fxlK 


lAA 






40 


l|H 


High-level input current 


IRR 


Vcc=5. 25V, V|=2. 7V 


-0.2 




-0.4 


mA 


IR 


-0.4 




-0.8 


IlL 


Low-level input current 


lA, IS 


Vcc=5.25V, V,=0. 4V 






-0.4 


mA 


lAA 






-0.8 


l|L 


High-level input current 


IRR 


Vcc=5. 25V, V,=0. 4V 






-1.1 


mA 


IR 






-1.8 


'os 


Output short-circuit current 


OA 


(Notel ) 

Vcc=5. 25V, Vo=OV 


-20 




-100 


mA 


OZ 


-30 




-130 


OR 


-0.8 




-1.5 


•cc 


Supply current 




Vcc=5.25V 

Point A in the operational timing diagram. 

When 4. 5V : BM 

Open : BI2, BSSL, BIS 

OV : BI3, DIN1 through 8, EBSY, 614 




35 


45 


mA 



* : Typical values are at Vcc=5V, Ta=25°C. 

Note 1 , Measurements are conducted in the shortest possible time, and no two outputs are shorted simultaneously. 
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SWITCHING CHARACTERISTICS (Vcc=5VTa=25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low to high-level and high to low-level propagation time, 
1 buffer 








200 


ns 


tpHL 






200 


ns 


tpLH 


Low to high-level and high to low-level propagation time, 
2 buffer 








300 


ns 


tpHL 






300 


ns 


tpLH 


Low to high-level and high to low-level output propagation time, 
from EBSY to BUSY 








500 


ns 


tpHL 






500 


ns 


tpLH 


Low to high-level and high to low-level output propagation time, 
from STB to D0U1 through 8 








500 


ns 


tpHL 






500 


ns 


Vlh 


Low to high-level output propagation time, 
from STB to BUSY 








500 


ns 


tpHL 


High to low-level output propagation time, 
from ACKI to BUSY 








500 


ns 


tpHL 


High to low-level output propagation time, 
from WR to BUSY 








500 


ns 


tpLH 


Low to high-level output propagation time, 
from WR to BSYF 








500 


ns 


*PHL 


High to low-level output propagation time, 
from STB to BSYF 








500 


ns 


tpZH 


High-level output enable time 


Rl= 1 kn, Cl=30pF 






80 


ns 


tpZL 


Low-level output enable time 


Rl= 1 kn, Cl=30pF 






80 


ns 


tpHZ 


High-level output disable time 


Rl= 1 kn, Cl=5pF 






100 


ns 


tpLZ 


High-level output disable time 


Rl= 1 ka, Cl=5pF 






100 


ns 



Note 2 . Refer to switching test circuits for measurement conditions. 



TIMING REQUIREMENTS (Vcc=5VTa=25°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tw(STB) 


STB low-level, high-level pulse width 




500 






ns 


tw(ACK) 


ACKI pulse width 




500 






ns 


tw(WR) 


WR pulse width 




200 






ns 


*SU(DIN) 


DIN1 through DIN8 setup time with respect to STB 




500 






ns 


th(DIN) 


DIN1 through DINS hold time with respect to STB 




500 






ns 


trec(wR) 


Wf^ recovery time with respect to ACKI 




500 






ns 
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SWITCHING TEST CIRCUIT 



INPUT 
Q 



PG 



2ka 



Vcc OUTPUT 
Q Q 



I \W- 

I I See 



50a, 



See I 

operational 
-j timing) — 

_diagram 

I I 



DUT 



LOAD I 
CIRCUIT 



•)?;The load circuit has the following characteristics depending on the output circuits 

Vcc Vc, 



I 



Cl=15pF 



RL=2ka 



OR 



OD 



Cl=15pF 



777 



: RL=667n 

^ Cl=45pF 
777 



OZ 



^SW1 

W 1 N ► ) ► ) 



777 



5k 



Parameter 


SW 1 


SW2 


tp2H 


Open 


Closed 


tpzL 


Closed 


Open 


tpHZ 


Closed 


Closed 


tpLZ 


Closed 


Closed 



I 



SW2 



(1) The pulse generator (PG) has the following characteristics : PRR=100kHz, fr=6ns, tw=5/^s, Vp=3Vp.p, Zo=50n 

(2) The diodes used are all high-speed switching diodes (trr^4ns). 

(3) The capacitance Cl includes stray wiring capacitance and the probe input capacitance. 
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TIMING DIAGRAM (Reference voltage=1.3V) 



tsU(DIN) 



th(D.N) *SU(DIN) 



STB 



WR 



ACKI 



BUSY 



tw(STB) 



3 

tpHL 



tpLH 



tw(ACK) 



trec(wR) 



WR 



STB 



BUSY 



BSYF 



EBSY 



BUSY 



tw(WR) 



tpHL 

J 



tpLH 



tpHL 



tpLH 



D0U1~8 



D0U1~8 



J 

tpZH 



I 



tpLZ 



BUFFER INPUT 



0.5V 1 BUFFER OUTPUT 



.0. 5V 



2 BUFFER OUTPUT 



J 



\ 



Jf 



tpLH 



The shaded area indicated the period when switching is possible. 
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DESCRIPTION 

The M54640P is bipolar monolithic integrated circuit in- 
tended to control and drive the current in one winding of a 
bipolar stepper motor. 

FEATURES 

• Wide operating voltage range 

• Half-step and full-step mode 

• Bipolar drive of stepper motor for maximum motor per- 
formance 

• Built-in protection diodes 

• Wide range of current control 

• Designed for unstabilized motor supply voltage 

• Current levels can be selected in steps or varied con- 
tinuously 

APPLICATION 

Printer, FDD, HDD 

FUNCTION 

The M54640P is monolithic IC which cotrols and drives one 
phase of a bipolar stepper motor with chopper control of 
the phase current. Current levels may be selected in three 
by means of two logic inputs which select one of three cur- 
rent comparatortors. 

When both of these inputs are high the device is disabled. 
A separate logic input controls the direction of current flow . 
A monostable, programmed by an external RC network, 
sets the curret decay time. 



PIN CONFIGURATION (TOP VIEW) 



MB 


K 




1 


E 


T 


K 




1 


MA 


VMM 


U 




m 


VMM 


GND 


E 


en 


1 


GND 


GND 


E 


o> 
o 


1 


GND 


Vcc 


E 


■0 


jj] 


VR 


11 


E 




ioj 


C 


Ph 


E 




H 


10 



Outline 16P4 



The power section is a full H-bridge driver with four in- 
ternal clamp diodes for current reciculation. 

An external connection to the lower emitters is available 
for the insertion of a sensing resing resistor. 

INPUT LOGIC 

If any of the logic inputs is left open the circuit will threat it 
as a high level input. 



lo 


li 


Current level 


H 


H 


No Current 


L 


H 


Low Current 


H 


L 


Medium Current 


L 


L 


Maximum Current 



BLOCK DIAGRAM 



VR Vcc 



Ph(8 



I1(7> 
I0(9> 



MA _ MB 



Schnnidt trigger 





□ 



am 



I — D yEhj-l 




VMM 



GND 



□ 



VKL 



7i> 



Current sensor 



Monostable 

t OFF-0. 69 • RT CT 



-(10)- 

c 
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ABSOLUTE MAXIMUM RATINGS (Ta=20C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




—0.3—7 


V 


Vmm 


Output voltage 




-0. 3~45 


V 


Vl 


Logic input Voltage 




—0.3—6 


V 


Vc 


Comparator input Voltage 




-0. 3— Vcc 


V 


Vr 


Reference input Voltage 




-0. 3—15 


V 


II 


Logic input Current 




-10 


mA 


•c 


Analog input Current 




-10 


mA 




Output Current 




±1000 


mA 


Pd 


Power Dissipation 




1. 92 


W 


Topr 


Operating temperature 




-20 — h75 




Tstg 


Storage temperature 




-55 — 1-125 





RECOMMENDED OPERATIONAL CONDITIONS (Ta=25C. unless otherw.se noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5. 25 


V 


Vmm 


Driver voltage 


10 




40 


V 


lo 


Peak output Current 


20 




800 


mA 


tpLH 


Rise time logic input 






2 


/us 


tpHL 


Fall time logic input 






2 


JUS 


Ton 


Thernal shutdown temperature 




150 




°C 



ELECTRICAL CHARACTERISTICS (Ta=25°C. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V,H 


Input Voltage 


"H" 


Vcc=5V 


2.0 




Vcc 


V 


V,u 


"L" 


0 




0.8 


VCH 


Comparator threshold Voltage 


Vr=5V, Io=Ii=0 


400 


430 


450 


mV 


VCM 


Vr=5V, lo=1. li=0 


240 


260 


280 


VCL 


Vr=5V, Io=Ii = 1 


75 


90 


100 


'co 


Comparator input Current 




-20 




20 


juA 


'off 


Output leakage Current 


lo=li = 1 (Ta=25°C) 






100 


juA 


Vsat 


Total suluration Voltage 


lo=500mA 






4.0 


V 


toFF 


Cut off time 


Vmm=10V, toN^5//s 


25 


30 


35 


JUS 


td 


Turn off delay 


Ta=25°C, dvk/dt^ 50mV//iS 




1.6 


2.0 


MS 


•cc 


Supply Current 


Vcc=5V 






25 


mA 


Ptot 


Total power dissipation 


lm=500mA, fs=30kHz 




1.8 


2.3 


W 


l|H 


input Current 


"H" 


V,=2. 4V 






20 


/uA 


l|L 


"L" 


V,=0. 4V 


0.4 






mA 



* Typical values are at Ta=25°C. 
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VMA-VMB or VMB-VMA 



CT 



RT 



1 MB 
2T 

3 VMM 
4GND 
5GND 

6Vcc 
711 

8 Phase 



E16 
MA 15 
VMM 14 
GND13 
GND12 
VR11 
CIO 
10 9 



t OFF=0. 69RTCT 



CV : 



p4 



-O- 



RS 



RC 



1. 



RC : lkn 
RT : 56k n 



CC : 820pF 
CV : A7/UF 




FIGURE 1. 



FIGURE 2. 



APPLICATION INFORMATION 

PHASE 

This input determines the direction of current flow in the 
winding, depending on the motor connections. The signal is 
fed through a Schmidt-trigger for noise immunity, and 
through a time delay in order to guarantee that no short cir- 
cuit occurs in the output stage during phase— shift. High 
level on PHASE-input causes the motor current flow from 
MA through the winding to MB. 

lo^nd li 

The current level in the motor winding is selected with 
these input. The values of the different current levels are 
determined by the reference voltage Vr together with the 
value of the sensing resistor Rs. 
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CURRENT SENSOR 

This part contains sensing resistor (RS), a low pass filter 
(Rc , Co ) and three comparators. Only one comparator is 
active at a time. It is activated by the input logic according 
to the current level chosen with signals Iq and li. The motor 
current flows through the sensing resistor Rs. When the 
current has increased so that the voltage accross Rs be- 
comes higher than the reference voltage on the other com- 
parator input, the comparator' output goes higt.which trig- 
gers the pulse generator and it's output goes high during a 
fixed pulse time (toff), thus switching off the power feed to 
the motor winding, and causing the motor current to de- 
rease during toff. 



SINGLE-PULSE GENETATOR 

The pulse generator is monostable triggered on the posi- 
tive going edge of the comparator output. The monostaBle 
output is high during the pulse time, toff. Which is deter- 
mined by the timing components Rj and Cj 

toff=0. 69 • Rt • Ct 
The single pulse swtches off the power feed to the motor 
winding, causing the winding current to decrease during 
toff. 

If a new trigger signal should occur during toff, it is ignored. 
ANALOG CONTOROL 

The current levels can be varied continuously if Vr is varied 
as e.g. in Figure 1. 



FUNCTIONAL BLOCKS 



VR Vcc 

-Q O- 



MA 



Ph r> 



-0 0- 



MB 



1 



Schmidt trigger 

E □=r-0> 



VKH 



□ 



0 0 



mi' 



□ 



VKL 



GND Q 



± 



Current sensor 



-Ch- 



77r rrr ^ 



t OFF-0. 69 • RT CT 



820pF 



Cc^: Rsl |in 



RTh iCT 
56k n y ^ 820pF 



' 1 

FIGURE 3. 
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TYPICAL APPLICATION 



I I I — L_J — L_J L_l L_J l_J I L_l I I L 



_J LJ L_J I L. 



Carriage raturm with full step 
PhaseA — - 



PhaseB 
10, 1(A)=0 
I0,1(B)=0 

Psinting speed with half step 



PhaseA 
PhaseB 
IO,1(A)=0 
10, 1(B)=0 
Printing speed with micro step 



J-1 n_n TL 




FIGURE 4 . SERIAL PRINTER CARRIAGE DRIVE 
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APPLICATION EXAMPLE 



Carriage 
stepper 



I ^Mr- 



±: 820pF 



) 



16 15 14 13 12 11 10 7 

M54640P 

1 2 3 4 5 6 7 8 



820pF 
56k a 



I — VA- 



: 820pF 



: 1kn 



) 



16 15 14 13 12 11 10 7 
M54640P 

1 2 3 4 5 6 7 8 



820pF 



56k n 



-O 5V 



-O PhaseA 
-O lOA 
-O I1A 



i 



-O40V 



-O Phase B 
-O lOB 



-O I1B 



From n — 
Processor 



FIGURES. PRINCIRAL OPERATING SEQUENCE 
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DESCRIPTION 

The M54641L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power driver designed for D-C motor con- 
trol. 

FEATURES 

• Wide operating voltage range (Vcc=4~10V, Vcc'(max) 
=20V) 

• Low output saturation voltage in continues output motor 
circuit (High voltage between motors) 

• Built-in clamp diode 

• Output voltage control pin (Vz) 

• Internal thermal shutdown protector (Tj(shut)=''20°CTYp) 
APPLICATION 

Audio tape deck, radio cassette player, VTR 
FUNCTION 

The M54641L, full bridge motor driver, has the logic circuit- 
ry and darlington-per power drivers for bidirectional control 
of D-C motors operating at currents up to 800mA. 
The power supplies for the logic circuitry and the drivers 
are separated so that the applied voltage to the motor can 
be controlled by the Vz or Vcc' of the driver power supply 
voltage. 

The internal thermal shut down protector destruction due to 
blocking of motor, etc. 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY 


Vcc 


II 








OUTPUT 2 










INPUT 1 


GND [T 


M54 






OUTPUT VOLTAGE 












CONTROL 


Vz 










OUTPUT 2 




r 






INPUT 2 


IN2-.[7 








DRIVER POWER SUPPLY 


Vcc 


E 








Outline 8P5 



LOGIC TRUTH TABLE 



Input 


Output 


Note 


INi 


IN2 


O1 


O2 


L 


L 


"OFF" 
state 


"OFF" 
State 


Open 


H 


L 


H 


L 




L 


H 


L 


H 




H 


H 


L 


L 


Braking 



Protects the IC fronn thermal 



BLOCK DIAGRAM 



INPUT CURRENT 1 



INPUT CURRENT2 I2 (6 



POWER SUPPLY 

Vcc 



STABILZED 
POWER 
SUPPLY 



~ o 



O t 

IS 
8§ 



GND 



DRIVER POWER SUPPLY 

Vcc' 



CIRCUIT^ 



5) V; 



OUTPUT VOLTAGE 
CONTROL PIN 



2) O2 OUTPUT 2 



7) O1 OUTPUT 1 
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ABSOLUTE MAXIMUM RATINGS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — hi 2 


V 


Vcc 


Driver power supply 




-0. 5 — 1-20 


V 


V| 


Input voltage 




0~Vcc 


V 


Vo 


Output voltage 




-0. 5~Vcc '4-2. 5 


V 


lo(max) 


Peak output current 


top=10ms 

top=10ms : repetitive cycle 0. 2Hz max 


±800 


mA 


to 


Continuous output current 




±150 


mA 


Pd 


Power dissipation 


Ta=60°C 


570 


mW 


Tj 


Junction temperature 




100 


°C 


Topr 


Operating temperature 




-10~+60 


°C 


Tstg 


Storage temperature 




-55 — 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


10 


V 


lo 


Output current 








±100 


mA 


V,N 


High-level input voltage 




3.0 




Vcc 


V 


V,L 


Low-level input voltage 




0 




0.6 


V 


ts 


Motor braking interval 




10 


100 




ms 


Ts 


Thermeii shutdown protector operating temperature (Junction temperature) 




100 


120 




°C 


ELECTRICAL CHARACTERISTICS (Ta=25°C. Vcc=5V. unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


•o(leak) 


Output lekage current 


Vcc = 20V 




Vo=20V 






100 


lufK 


Vz . open 




Vo=OV 






-100 


VoH 


High-level output voltage 


Vcc=12V 




loH=~50mA 


10.2 


10.5 




V 


Vz • open 




loH=-100mA 


10.0 


10.4 




Vol 


Low- level output voltage 


Vcc'=12V 




loH=50mA 




0.1 


0.3 


V 


Vz • open 




loH= 100mA 




0.2 


0.4 


V01-02 


Voltage between output(1)ancl output(2) (voltage between motors) 


Vcc'=12V 
Vz=7V 


lo=±100mA 


6.3 


7.0 


7.7 


V 




Input current 


Vcc-=12V 


Vi=3V 


Output open 




100 


180 


/uA 


1, 


Vi=5V 




240 


380 






Vcc=10V 
Vcc'=12V 


"OFF" state 




1.2 


3.0 




'cc 


Supply current 


Clockwise or anti-clockwise 




4.5 


8.0 


nnA 






Braking 




7.5 


12.0 





* *. Typical values are at Ta=25''C 
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INPUT/OUTPUT CIRCUIT 



IK 15K 
INPUT O-^n/VV^-^MaAt- 



-0 GND 




-® Vcc' 



-O OUTPUT 



-0 GND 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



E 1.4 

2£i.2 

LU ^ 
O ^ 

5|i.o 

O CL 

£-0.8 
y 9 

9^0.4 



0.2 
0 



t=20sec 










h 






t=oo 




\~t=10s 


ec 





















































25 50 60 75 100 

AMBIENT TEMPERATURE Ta(°C) 



Note 1 Mounted on ^n epoxy PC board with Cu cover on 
one side (5cnik5cniX0. 8mmt) 
2 : t : time for power application 



/tPPLICATION EXAMPLE 
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2a 



i n m ft) [Vfj] m r i 
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DESCRIPTION 

The M54642L is a semiconductor integrated circuit, cap- 
able of directly driving bi-directional micro motor. 

FEATURES 

• Wide operating voltage range (Vcc=4~10V, Vcc'(max) 
=20V) 

• Low output saturation voltage in continuous output motor 
circuit (High voltage between motors) 

• Built-in clamp diode 

• Output voltage control pin (Vz) 

• Internal thermal shutdown protector (Tj(shut)=120°CTYp) 

• Additional interrupt input I/, \{ 

APPLICATION 

Audio tape deck, radio cassette player, VTR 

FUNCTION 

The M54642L is a driver for bi-directional micro motor. The 
input pin has inputs li and I2 which are identical to those in- 
puts of the M54641L and interrupt inputs of 1/ and \{. The 
I1 functions to the 1/ and the I2, to the \{. The 1/ and the I2', 
if they are "H", operate just like the I1 and the I2 input sig- 
nals in the M54641L. If the "H" signal is input to the input 
pin I1, and the "L" signal is input to, the input pin I2, output 
O1 is "H" and output O2 is "L". If a motor is connected be- 
tween the output pins of O1 and O2, the output power supp- 
ly is current source and the O2 is current sink and the motor 
is driven. If the reverse signals are input to the I1, I2, the O1 
becomes "L" and the O2 becomes "H", then the motor is 
driven backward. But, if the I1 and the I2 are both "H", and 
the O1 and the O2 are "L", then the motor is quickly halted. 
(Braking mode input) 

The interrupt input 1/ and I2' are "L" active inputs and, 
when the h is "H" and I2 is "L", the motor is driven, but, if 
the I2' is "L", then the outputs O1 and the O2 are both "L" 
and becomes brake mode. 

The speed of motor becomes constant if a zener diode of a 
certain voltage is added to the Vz pin, because the output 
"H" voltage never exceeds this zener voltage. If the Vz pin 
is connected to the driver power supply Vcc'. the speed of 
motor can be changed by changing the Vcc'- 
The peak output current is Iqp (max) = 800mA, and con- 
tinuous output current is lo( max) = 150mA. 
Threshold temperature of the internal thermal shutdown 
protector is min 100°C, and the drive current must be set so 
that the thermal shutdown protector will not operate. 



PIN CONFIGURATION (TOP VIEW) 


POWER SUPPLY 


Vcc 


LI 








OUTPUT 2 


O2 


rr 








INPUT CURRENT 1 


I1' 










INPUT CORRENT 1 


I1 










GND 


GND 


E 


I 






OUTPUT VOLTAGH 




[I 


1 






CONTROL PIN 


Vz 




ro 
r 






INPUT CURRENT 2 


I2 










INPUT CURRENT 2 


I2 


-E 








OUTPUT 1 


O1 


-E 








DRIVER POWER SUPPLY 


Vcc' 


H 








Outline 


10P5 



LOGIC TRUTH TABLE 



Input 


Output 


Note 


I1 


1/ 


I2 


I2' 


O1 


O2 


L 


H 


L 


H 


"OFF" 
state 


"OFF" 
State 


Open 


L 


L 


L 


H 


H 


L 


Clockwise 


L 


H 


L 


L 


L 


H 


Anti-clockwise 


L 


L 


L 


L 


L 


L 


Braking 


H 


H 


L 


H 


H 


L 


Clockwise 


H 


L 


L 


H 


H 


L 


Clockwise 


H 


H 


L 


L 


L 


L 


Braking 


L 


H 


H 


H 


L 


H 


Ahti-clockwise 


L 


H 


H 


L 


L 


H 


Anti-clockwise 


L 


L 


H 


H 


L 


L 


Braking 


H 


* 


H 


* 


L 


L 


Braking 



* : Irrelevant 
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BLOCK DIAGRAM 



INPUT CURRENT 1 



INPUT CURRENT 2 



POWER SUPPLY 

Vcc 



STABILZED 
POWER 
SUPPLY 




INPUT 
CIRCUIT 








QC D 






NPUT 
IRCUIT 




O ^ 






O 







GND 



DRIVER POWER RUPPLY 

Vcc' 



lOUTPUT. 
ICIRCUIT^ 

1> 



^ X OUTPUT VOLTAGE 
0 ) CONTROL PIN 



2) O2 OUTPUT 2 



9) O1 OUTPUT 1 



INPUT/OUTPUT CIRCUIT 



IK 15K 
IN o— ^/yv — ►fivwv— 

20 K 



-<DVc. 



-® GND 



output! 



® 



K 



Lwv ^> — K 



-o OUTPUT 



-(5) GND 
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ABSOLUTE MAXIMUM RAINGS (Ta=25C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — 1-12 


V 


Vcc 


Driver power supply 




-0. 5 — 1-20 


V 


V, 


Input voltage 




0-Vcc 


V 


Vo 


Output voltage 




-0. 5~Vcc'-H2. 5 


V 


•o(max) 


Peak output current 


top==10ms 

top=10ms : repetitive cycle 0. 2Hz max 


±800 


mA 


lo 


Continuous output current 




±150 


mA 


Pd 


Power dissipation 


Ta^eCC 


570 


mW 


Tj 


Junction temperature 




100 


°C 


Topr 


Operating temperature 




-10 — 1-60 


'C 


Tstg 


Storage temperature 




-55 — 1-125 


'C 



RECOMMENDED OPERATING CONDITIONS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


10 


V 


'o 


Output current 








±100 


nnA 


V,H 


High-level input voltage 


li, I2 input pins 


3.0 




Vcc 


V 


V,'H 


High-level input voltage 


h, I2 input pins 


Vcc-0.5 




Vcc 


V 


V,L 


Low-level input voltage 


h, I2 input pins 


0 




0.6 


V 


V.'L 


Low-level input voltage 


I1, I2 input pins 


0 




Vcc-3. 6 


V 


ts 


Motor braking interval 




10 


100 




ms 


Ts 


Thermal shutdown protector operating temperature (Junction temperature) 




100 


120 




"C 


ELECTRICAL CHARACTERISTICS (13=25 C. Vcc=5V, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


■odeak) 


Output lekage current 


Vcc=20V 
Vz open 


Vo=20V 






100 


mA 


Vo=OV 






-100 


VoH 


High-level output voltage 


Vcc=12V 
Vz • open 


loH=— 50mA 


10.2 


10.5 




V 


loH=- 100mA 


10.0 


10.4 




Vol 


Low-level output voltage 


Vcc-=12V 
Vz . open 


loL=50mA 




0.1 


0.3 


V 


loL= 100mA 




0.2 


0.4 


V01.02 


Voltage between output(l)and output (2) (voltage between motors) 


Vcc'=12V 
Vz=7V 


lo=±100mA 


6.3 


7.0 


7.7 


V 


li 


Input current 


Vcc'=12V 


Vi=3V, Vi'=4.5V 


Output open 




100 


180 


juA 


Vi=5V, Vi'=4.5V 




240 


380 


ir 


Input current 


Vcc'=12V 


Vi=0.4V, Vi'=4.5V 


Output open 




-200 


-250 


juA 


Vi'=1.4V, Vi=0.6V 




-145 


-190 


Ice 


Supply current 


Vcc=10V 
Vcc=12V 


"OFF" state 




1.2 


3.0 


mA 


Clockwise or anti-clockwise 




4.5 


8.0 


Braking 




7.5 


12.0 



* : Typical values are at Ta=25°C 
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BI-DIRECTIONAL MOTOR DRIVER WITH BRAKE FUNCTION 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 




Note 1 : Mounted on an epoxy PC board with Cu cover on 
one side (5ciiiX5cmX0. 8mmt) 
2 : t : time for power application 



0 25 50 60 75 100 

AMBIENT TEMPERATURE Ta(°C) 



APPLICATION EXAMPLE 



( IN1' o- 

INPUTS 

IN2 o- 

' IN2 o- 



2n 



[Toi m fil f7i ri fsTr rir 



3n 
-vw- 



Zfc 10-1 00// F 



m h 



M54642L 



-o Vb 
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DESCRIPTION 

The M54643L is a semiconductor integrated circuit capable 
of directly driving small bidirectional motors. 

FEATURES 

• Wide operating voltage range (Vcc= 4 ~16V) 

• Low output saturation voltage 
(high voltage across motors) 

• Built-in clamp diode 

• Large drive current (lo(max)=±1- 2A) 

• Brake function provided 

• Internal thermal shutdown circuit 

APPLICATION 

Audio equipment such as tape decks and radio cassette 
recorders; VCRs and other consumer products. 

FUNCTION 

The M54643L can directly drive small bidirectional motors. 
When inputs 1 and 2 are both low, outputs 1 and 2 are 
both OFF. When input 1 is high and input 2 is low, output 
1 is high and output 2 is low (forward). When input J is 
low and input 2 is high, output 1 is low and output 2 is 
high (reverse). When inputs 1 and 2 are both high, out- 
puts 1 and 2 are both low (braking). 
Separate power supplies for the logic (Vcc). predriver (Vr) 
and output (Vcc') provide greater freedom of equipment 
design. When Vr is connected to Vcc or to Vcc'. the device 
operates identically as the M54545L. 
An internal thermal shutdown circuit protects the IC from 



PIN CONFIGURATION (TOP VIEW) 


EXTERNAL DRIVER 2 1 B 2 [T 






DRIVER POWER SUPPLY Vcc ^ 






OUTPUT 2 Oa^-fT 






INPUT 1 IN1— [T 






GND [T 


I 




INPUT 2 IN2 — [T 


CO 

r 




^ OUTPUT 1 O1 ^[T 






PREDRIVER SUPPLY Vr [T 






POWER SUPPLY Vcc IT 






EXTERNAL DRIVER 1 IB1 [To 






Outline 10P6 



thermal destruction in the event of motor blockage or other 
abnormalities. 

Pins IB1 and 1 82 are connected to the base of external PNP 
transistors to lower the power consumption. 

TRUTH TABLE 



Inputs 


Outputs 


Motor state 


INi 


IN2 


O1 


O2 


IB1 


IB2 


L 


L 


OFF 


OFF 


OFF 


OFF 


Open 


H 


L 


H 


L 


L 


H 


Forward 


L 


H 


L 


H 


H 


L 


Reverse 


H 


H 


L 


L 


OFF 


OFF 


Brake 
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ABSOLUTE MAXIMUM RAINGS (Ta=25r. unless otHerwIsed noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




—0. 5^-f-i6 


V 


Vcc 


Driver supply voltage 




—0. 5 — 1-24 


V 


Vr 


Predriver supply voltage 




-0. 5 — h24 


V 


V, 


Input voltage 


V, ^ Vcc 


0~7 


V 


Vo 


Output voltage 




-0. 5~Vcc'+2. 5 


V 


'o(max2) 


Peak output current 


top^ 100ms 

Repetitive cycle 0. 2Hz max 


±800 


mA 


lo(max) 


Peak output current (single pulse) 


top ^ 100ms 


±1.20 


A 


lo 


Continuous output current 




±250 


mA 


Pd 


Power dissipation 


Ta=75°C 


' 700 


nnW 


Topr 


Operating temperature 




-10 — 1-75 


"C 


Tstg 


Storage temperature 




-55 — hi 25 





RECOMMENDED OPERATING CONDITIONS (Ta=-20-^-h75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 




Min 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


16 


V 


lo 


Output current 






±200 


mA 


V,H 


High-level input voltage 


2.0 




Vcc 


V 


V,L 


Low-level input voltage 


0 




0.4 


V 


te 


Motor braking interval 


10 


100 




ms 


tshut 


Thermal shutdown teniperature (chip temperature) 


125 


150 




"C 


Tc 


Simultaneous switching input inhibit time (forward**reverse) 


10 






/us 


ELECTRICAL CHARACTERISTICS (Ta=-20~75°C unless otherwise noted) 




Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


lo(leak) 


Output lekage current 


Vcc=16V. Vcc-=Vr=24V 
Vii=V,2=0. 4V Vo= 0 V or 24V 






±100 


mA 


VoH 


High-level output voltage 


Vcc= 5 V, Vcc'=Vr=16V, lo=-200mA 
/V,i=0.4V /V|i=2.0V 
W,2=2. OV Wi2=0. 4V 


14.5 


15.2 




V 


Vol 


Low-level output voltage 


Vcc=5V, Vcc'=Vr=16V 
/V,i=0. 4V 
VVi2=2. OV or 
/V|i=2. OV 
\Vi2=0. 4V 


lo= 100mA 




0.1 


0. 35 


V 


lo=200mA 




0. 18 


0.4 


1, 


Input current 


Vcc=5V, Vcc =Vr=16V, V,=2. OV 


50 


90 


120 


juA 


Ice 


Supply current 


Vcc=16V, Vcc'=Vr=16V 
V|=V|2=0. 4V 




2.6 


5 


mA 


Vcc=16V, Vcc=Vr=16V 
/V|i=0.4V /V,i=2.0V 
VV|2=2. OV \Vi2=0. 4V 




8 


15 


Vcc=16V, V,i=V|2=2. OV 
Vcc'=VR=16y 




14 


25 


Ib 


Ib output current 


Vcc= 5 V, Vcc'=Vr=V|b=16V 
/V,i=0.4V /Vii=2.0V 
\Vi2=2. OV VVi2=0. 4V 


1.0 


5.0 


15.0 


mA 
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TYPICAL CHARACTERISTICS 

THERMAL DERATING CHARACTERISTICS TYPICAL APPLICATION 

1) 




0 25 50 75 100 

AMBIENT TEMPERATURE (°C ) 



Vso~ 



R2=3n Ri=2n 



10~100a^F 
INPUT 2 O- 



Vcc--Vr 



ifq m m m m 



id 



"rh m 



m m rh 



INPUT 1 

O 



M54643L 



2) Motor speed control by the Vr and Vcc 



3) Motor speed control by the Vcc' 



2n 



l~10/^F 
INPUT 2o- 



+ 



Pol m m n 



^ 0% 

10-100^ 1~10//F 

INPUT 1 
O INPUT 2o- 



m m m m 



M54643L 



iioif9ifii[7i[6irhmr3if2irh 



2n 



C2r 



10-1 00/^ F 

INPUT 1 
O 



M54643L 



4) Motor speed control by the Vr and Vcc' 



6) Motor speed control by the Vr 



10-1 00/^ F 



1-10//F 
INPUT 2 o- 



Fol m m m 



m fsi ri 



•nr 



m m h 



1-10/^F 
INPUT 1 

° INPUT 2 o— 



M54643L 



C 1-10;uF 



m m m 



2n 



C in 



10-1 00^ F 



INPUT 1 
O 



M54643L 
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DESCRIPTION 

The M54644L/AL is a semlQonductor integrated circuit cap- 
able of directly driving small bidirectional motors. 

FEATURES 

• Wide operating voltage range (Vcc= 4 ~16V) 

• Low output saturation voltage 
(high voltage across motors) 

• Built-in clamp diode 

• Large drive current (lo(max)=±2A) 

• Brake function provided 

• Internal thermal shutdown circuit 

• Internal overcurrent protection circuit 

APPLICATION 

Audio equipment such as tape decks and radio cassette 
recorders; VCRs and other consumer products. 

FUNCTION 

The M54644L/AL can directly drive small bidirectional 
motors. When inputs 1 and 2 are both low, outputs 1 and 
2 are both OFF. When input 1 is high and input 2 is low, 
output 1 is high and output 2 is low (forward). When Input 
1 is low and input 2 is high, output 1 is low and output 2 
is high (reverse) . When inputs 1 and 2 are both low 
(braking). 

Separate power supplies for the logic (Vcc). P''ed river (Vr) 
and output (Vcc ) provide greater freedom of equipment 
design. When Vr is connected to Vcc or to Vcc', the device 
operates identically as the M64545L. 
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PIN CONFIGURATION (TOP VIEW) 



NC 

DRIVER POWER SUPPLY Vqc 
OUTPUT 2 O2 
INPUT 1 IN1 
GND 
INPUT 2 IN2 
OUTPUT 1 O1 
PREDRIVER SUPPLY Vr 
POWER SUPPLY Vcc 





0 










2 




2 




03 




r 






0 



Outline 9P9 

NC '. No connection 



An internal thermal shutdown circuit protects the IC from 
thermal destruction in the event of motor blockage or other 
abnormalities. 



TRUTH TABLE 



Inputs 


Outputs 


Motor state 


IN1 


IN2 


O1 


O2 


L 


L 


OFF 


OFF 


Open 


H 


L 


H 


L 


Forward 


L 


H 


L 


H 


Reverse 


H 


H 


L 


L 


Brake 
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ABSOLUTE MAXIMUM RAINGS 



oy 1 iiuui 


Psirsmotor 


Oonditions 




Unit 


Vcc 


Supply voltage 




_0. 5 — 1-16 


V 


Vcc 


Output supply voltage 


Heat sink (30cm^X1. 5mm) 


-0. 5~+24 


V 


Vr 


Control voltage 




-0. 5 — h24 


V 


V, 


Input voltage 


V, ^ Vcc 


0—7 


V 


Vo 


Output voltage 




-0.5-Vcc'+2.5 


V 


•o(max) 


Peak output current 


top^ 100ms 

Repetitive cycle 5 sec max 


±2 


A 


lo 


Continuous output current 


Heat sink (30cm^X1. 5mm) 


±600 


nnA 


Pd 


Power dissipation 




154 


W 


Topr 


Operating temperature 




-10-+75 


°C 


Tstg 


Storage temperature 




-20 — 1-125 


"C 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


16 


V 


'o 


Output current lieat sink (30cm^X1. 5mm) 






±500 


mA 


V,H 


High-level input voltage 


2.0 




Vcc 


V 


V,u 


Low-level input voltage 


0 




0.4 


V 


ts 


Motor braking interval 


10 


100 




ms 


tshut 


Thermal shutdown temperature 


125 


150 




"C 



ELECTRICAL CHARACTERISTICS (Ta=-20~75°C unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'o(leak) 


Output lekage current 


Vcc=16V, Vcc'=Vr=24V 
Vii=V,2=0. 4V Vo= 0 V or 24V 






±100 


juA 


VoH 


High-level output voltage 


Vcc=Vcc=Vr=16V, io=-500mA 
/Vii=0.4V /^Vii=2.0V 
\Vi2=2. OV \V|2=0. 4V 


14.5 


15.2 




V 


Vol 


Low-level output voltage 


Vcc=Vcc'=Vr=16V 
/V,i=0. 4V 
VVi2=2.0V or 
/V,i=2. OV 
Wi2=0. 4V 


lo=200mA 




0.1 


0.4 


V 


lo=500mA 




0.18 


1.4 


l| 


Input current 


Vcc=Vcc-=Vr=16V, V|=2. OV 


50 


90 


120 


mA 


Ice 


Supply current 


Vcc=16V, Vcc=Vr=16V 
V|=V|2=0V 




2.6 


5 


mA 


Vcc=16V, Vcc=Vr=16V 
/V,i=0.4V /Vii=2.0V 
VVi2=2. OV VVi2=0. 4V 




8 


15 


Vcc=16V, V,i=V|2=2. OV 
Vcc=Vr=16V 




14 


25 


. Ir 


Control pin input current 


Vcc=16V, Vcc'=Vr=16V 
/Vm=0. 4V 
VVi2=2. OV 




0.1 


1.0 


mA 
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TYPICAL CHARACTERISTICS TYPICAL APPLICATION 

THERMAL DERATING CHARACTERISTICS 



o ^ 

< I- 

lu 9= 

_J C/5 

CD (/) 



30cm^X1.5mm (t) 
ALUMINUM HEAT SINK 



FREE AIR 



25 50 75 100 

AMBIENT TEMPERATURE (°C ) 



C ijr 
10~100;t^F 



INPUT 2 o- 



R2=3n 

Wv 



Ri=2n: 



m m m 



INPUT 1 



m m m 



M54644BL ^ 

o\\ fo 



2) Motor speed control by the Vr and Vcc 



3) Motor speed control by the Vcc' 



CtJz: 

1-10//F 
INPUT 2 



2a 



m m m m 



C2t 



Vcc o- 



10~100;t/F 1~10//F 
INPUT 1 



C 21 



m m m 



M54644BL 



INPUT 2 o- 



2n 

rAAV- 



C II 



10-1 00/^ F 

INPUT 1 



m m m 



M54644BL 



4) Motor speed control by the Vr and Vcc' 



5) Motor speed control by the Vr 



1~10//F 
INPUT 2 «^ 



2n^ 



10-1 00/^ F 



rairfireiiiimmmm 



INPUT 1 
° INPUT 2 o 



CM 
1~10//F 



M54644BL 



C 1~10/^F 



rti rti rti r6i~fli iti iti iti m 



-oVc 



2n 

fAAAr- 



10~100;t/F 

INPUT 1 



M54644BL 
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DESCRIPTION 

The M54645AL is-a semiconductor integrated circuit, cap- 
able of directly driving small bidirectional motors. 

FEATURES 

• Wide operating voltage range (Vcc= 4 ~18V) 

• Can be driven by the outputs of NMOS and CMOS ICs 

• Large drive current (lO(max)=±3. OA) 

• Internal switching regulator 

• Built-in clamp diode 

• Brake function provided 

• Internal thermal shutdown circuit 

APPLICATION 

Audio equipment such as tape decks and radio cassette 
recorders; VCRs and other consumer products. 

FUNCTION 

The M54645AL can directly drive small bidirectional 
motors. Forward, backward, braking and OFF states are 
selected by two inputs. The output voltage (either Vs and 
FS) is selected by the FS input. 

The output circuit consists of NPN Darlington transistors for 
both current source and sink, and can supply output cur- 
rents of ± 3 A max. 

An internal thermal shutdown circuit protects the IC from 
thermal destruction in the event of motor blockage or other 
abnormalities by setting both outputs in the open (off) 
mode. 



PIN CONFIGURATION (TOP VIEW) 



ovviioniiNVa <?WR 
REGURATOR OUTPUT 

SUPPLY VOLTAGE Vcc 



CAPACITOR CONNECTED 



SERVO INPUT VS - 

FS INPUT FS - 

INPUT 1 Mil - 

INPUT 2 MI2- 

OUTPUT 1 O1 

DRIVER SUPPLY VOLTAGE Vcc 
GND 

OUTPUT 2 O2 " 



K 
K 
K 
E 
K 
K 
E 
E 
E 
Eo 

E 
E 



0 



01 

> 
r 



O 



Outline 12P9B 



TRUTH TABLE 



Inputs 


Outputs 


Motor state 


IN 1 


IN2 


O1 


O2 


L 


L 


OFF 


OFF 


Open 


H 


L 


H 


L 


Forward 


L 


H 


L 


H 


Reverse 


H 


H 


L 


L 


Brake 



FS input 



Vcc voltage 



VS 



BLOCK DIAGRAM 



r 



Vcc 

~<D- 



VS 

-0- 



Voo- 



? o 
o 



J) — 

Mh GND 




TRIANGULAR 

WAVE 
OSCILLATOR 



SwR 



<lH!> 

F FS 



A MITSUBISHI 
ELECTRIC 



2-359 



MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54645AL 



BI-DIRECTIONAL MOTOR DRIVER 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Note 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — 1-28 


V 


V, 


Input voltage 


V,^ Vcc 


—0. 5 — 1-28 


V 


'op 


Peak output current 


top^ 30msec, repetitive cycle time^ 6. OHz 


±3.0 


A 


'o 


Continuous output current 




±600 


mA 


'OSWR 


Switching regulator output current 


top^ 30msec, repetitive cycle time^ 6. OHz 


0-3. 0 


A 


Pd 


Power dissipation 


Ta=75r 


1.2 


W 


Topr 


Operating temperature 




-10— h75 




Tstg 


Storage temperature 




—55 — hi 25 





ELECTRICAL CHARACTERISTICS (Ta=25°C. Vcc=18V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 




Limits 


Unit 


Test pin 


Min 


Typ 


Max 


Ice 


Supply current 


Output OFF mode 


2 


3. 5 


5. 5 


9. 0 


mA 


IswR(leak) 


Switching regulator output leakage current 


yjssOv, output OFF mode 
Vcc=22V 


1 




0 


-100 


juA 


*swR(sat) 


Switching regulator output saturation voltage 






1 A 


c.. U 


V 


leiAiB= — 1 OA 




1.9 


2.8 


lswR=-2.5A(Note1 ) 




^. 0 


Q 7 
O. / 


V-ro H 

»TR ri 


Triangular wave threshold voltage 


Pin C : 300pF 


3 


4.3 


5.1 


5.3 


V 


Vtr L 


1 K 
1 . O 


1 . 8 


z. 1 


f-rr. 

■TR 


TridDQuldr wdV6 oscillstion froQUGncy 


Pin n ■ ^OOnF 

"III W • OV/U|Jl 


31 


52 


75 


kHz 




Pin 4 limit 


V5=0v V6=0V 


4 


1.1 


1.6 


2. 1 


V 


V4 


Pin 4 voltage 


30kf2 between pin 4 and GND 

V5=V6=0V 


0.6 


1.1 


1.3 


V 


^V5-4 


Offset voltage between pins 4 and 5 


V5=10VV6=0V 


4,5 


-0.15 


-0. 04 


-1-0.15 


V 


^V6-4 


Offset voltage between pins 4 and 6 


V6=8V 


4,6 


-0.2 


0.05 


-1-0.2 


V 


Vth6 


FS input threshold 


V5=3V 

Voltage when V4 change 


6 


0.7 


1.3 


1.8 


V 


Vth7 


Mil threshold voltage 




7 


0.6 


1.2 


1.8 


V 


Vth8 


MI2 threshold voltage 




8 


0.6 


1.2 


1.8 


V 


'oleak 


Output leakage current 




9,12 




0 


±100 


mA 


VoH(sat) 


High-level output saturation voltage 


loH^ 0.1 A 




1.4 


2.0 


V 


loH=-1.0A 




1.9 


2.8 


loH=-2.5A (Note! ) 




2.5 


3.7 


VoL(sat) 


Low-level output saturation voltage 


loL=0.lA 




0.78 


1.05 


V 


loL=1.0A 




1.1 


1.7 


loL=2.5A(Note1 ) 


9,12 




1.4 


1.9 


BVcER 


Outpqt transistor withstand voltage 


lo=20mA 


28 


45 




V 


^V4-10 


Offset voltage between pins 4 and 10 




10 


0 


0.1 


0.2 


V 


^ Ve-io 


Offset voltage between pins 6 and 10 




10 


0 


0. 1 


0.2 


V 


VioON 


Activating voltage at pin 10 


V5=V6=0V 

Voltage when VI changes 


10 


0. 50 


0. 78 


1.10 


V 


VioOFF 


Shutdown voltage at pin 10 


V5=V6=0V 

Voltage when VI changes 


10 


0. 50 


0. 78 


1.10 


V 


Ts 


Thermal shutdown temperature 


Temperature at the center of the heat sink 




140 


165 


190 





Note 1 : The measurement must be conducted within 30msec. 
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APPLICATION EXAMPLE 



M54645AL 



Vcc O 



Vfs O 



Vff O 



INP O- 



11 

10 
9 



2. 7k J • 

A.3\^i % 'i 



m rrr ttt 



300P. 



0. 1//F 



500/iH 



9 10 11 12 



100;t^F 



0 



-o 

~0 + SELECTION SWITCHES 

-o 



Note. • A fast-recovery or Schottky diode must be used in the filter circuit 

• The lead lengths of the qapacitor between the M54645AL Vcc pin and GND must be as short as possible. 

• GND line must be as thick as possible 



PRECAUTIONS FOR USE 

1 . Allowable power dissipation 

The allowable power dissipation of the IC (Pd) is calcu- 
lated by the following formula. 
Pd=^VccXlcc4-lo(Vcc'-VoH)+VoL+VswR(sat)) 
This value nfiust not exceed the maximum allowable power 
dissipation shown in the thermal derating characteristics. 
Please note that if repetive peak currents are applied, the 
allowable power dissipation is less. 

2 . Thermal shutdown 

A thermal shutdown circuit is built in to protect the device 
against thermal destruction when excessive currents are 
applied. This function shuts down the output stage of the 
switching regulator when the temperature at the back of 
the IC reaches 165°C (140°C min). 



3 . Triangular wave oscillator 

The relationship between the externally connected capaci- 
tance C and the frequency is given by the following for- 
mula. 

Capacitor should be located close to the IC with lead 
lengths as short as possible, as it can be easily affected by 
the switching regulator. 

4 . Switching regulator 

A fast-recovery or Schottky diode should be used in the fil- 
ter circuit of the switching regulator. If a conventional diode 
is used, excessively large switching currents may flow. 
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TYPICAL CHARACTERISTICS 



THERMAL DERATING 
CHARACTERISTICS 



12 




0 I 1 1 1 ^ 1 

0 25 50 75 100 

AMBIENT TEMPERATURE (°C ) 



1) INFINITE HEAT SINK 

2) 25cm^X1.5mm (t) ALUMINUM HEAT SINK 

3) FREE AIR 
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DESCRIPTION 

The M54646P is a semiconductor integrated circuit capable 
of controlling and driving the winding current of bipolar 
stepper motors, and controlling the winding current. 

FEATURES 

• Wide operating voltage range 

• Extremely wide current control range 

• Designed to compensate for the effects of unstable 
motor supply voltages 

• Internal diodes protect the motor driver transistors in the 
output stage 

APPLICATION 

stepper motor drivers 

FUNCTION 

The M54646P can drive bipolar stepper motors and control 
the winding current. By controlling the reference voltage 
(Vr) , it is also possible to vary the output current con- 
tinuously. PHASE INPUT controls the direction of output 
current flow. 

This IC contains two circuits enabling control of a four- 
phase stepper motor by a single chip instead of the two 
devices previously required. 



PIN CONFIGURATION (TOP VIEW) 



COMPARATOR 
INPUT (1) Ci 
REFERENCE VOLTAGE. . 
INPUT (1) Vri 
OUTPUT POWER v/ 
SUPPLY (1) ^MW 

OUTPUT (A1) Mai 

CURRENT SENSOR (1) Ei 

GND 
GND 
GND 
GND 

OUTPUT (B1) MbI 
OUTPUT POWER . . 
SUPPLY (1) VmMI 

CIRCUIT CURRENT (DVcci 
ONE-SHOT 

MULTIVIBRATOR (1) Ti 
OUTPUT CURRENT „ 

SWITCH (1) '■^ni 



n. 
[I 

E 
E 
E 
E 
E 
E 
Eo 

EI 

m 
m 
Hi 



E 



z 



I in 



C2 COMPARATOR INPUT (2) 

. . REFERENCE VOLTAGE 

VR2 INPUT (2) 

w ^ OUTPUT POWER 

VMM2 SUPPLY (2) 

Ma2 output (A2) 

E2 CURRENT SENSOR (2) 

GND 
GND 
GND 
GND 

Mb2^^'^^^'^ ^^^^ 
. . OUTPUT POWER 
Vmm2 SUPPLY (2) 
Vcc2 CIRCUIT CURRENT (2) 
T ONE-SHOT 
12 MULTIVIBRATOR (2) 
Du QyTPUT CURRENT 
'^n2 SWITCH (2) 



Outline 28P4B 



BLOCK DIAGRAM 
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PIN DESCRIPTION 



Pin 
number 


Symbol 


Description 


1 


Ci 


Comparator input (1 ) 


2 


Vri 


Reference voltage input (1 ) 


3 


Vmmi 


Output power supply (1 ) 


4 


Mai 


Output pin (1 ) 


5 


El 


Current sensor (1 ) 


6 


GND 


GND 


7 


GND 


GND 


8 


GND 


GND 


9 


GND 


GND 


10 


Mbi 


Output pin (1 ) 


n 


Vmmi 


Output power supply (1 ) 


12 


Vcci 


Circuit current (1 ) 


13 


Ti 


Time constant of one-shot multivibrator 


14 


Phi 


Output current direction switching 


15 


Ph2 


Output current direction switching 


16 


T2 


Time constant of one-shot multivibrator 


17 


VcC2 . 


Circuit current (2) 


18 


VmM2 


Output power supply (2) 


19 


Mb2 


Output pin (2) 


20 


GND 


GND 


21 


GND 


GND 


22 


GND 


GND 


23 


GND 


GND 


24 


E2 


Current sensor (2) 


25 


Ma2 


Output pin (2) 


26 


VmM2 


Output power supply (2) 


27 


Vr2 


Reference voltage input (2) 


28 


C2 


Comparator input (2) 
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DESCRIPTION OF OPERATION 

PHASE INPUT 

The phase input determines the output mode as shown. 



PHASE 


Ma 


Mb 


H 


H 


L 


L 


L 


H 



Vr (reference voltage) 

The current level can be changed continuously by varying 
the voltage Vr 

Current sensor 

The voltage drop across the current detector resistance is 
compared with selected current level, and when they 
match, the comparator triggers a monostable pulse. The 
output stage is cut off for an interval toFF- During this time, 
the output current drops to below the comparator level. Af- 
ter toFF elapses, the output stage turns on again, and this 
process repeats. 

Single pulse generator 

A monostable pulse is triggered by the rising edge of the 
comparator output. The pulse width is determined by exter- 
nal timing constants Rt and Ct- 
toFF=0. 69XRt Ct 

Trigger pulses applied during toFF are ignored. 
Analog control 

The output current level can be changed continuously by 
varying Vr or the feedback voltage applied to the compa- 
rator. 
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ABSOLUTE MAXIMUM RAINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




—0. 3~7 


V 


Vmm 


Output supply voltage 




-0. 3—45 


V 


Vl 


Logic input voltage 




-0. 3—6 


V 


Vc 


Analog input voltage 




-0. 3-Vcc 


V 


Vr 


Reference voltage 




-0.3-15 


V 


II 


Logic input current 




-10 


mA 


Ic 


Analog input current 




-10 


mA 


'mm 


Output supply current 




±600 


mA 


Pd 


Pov\/er dissipation 




1.92 


W 


Topr 


Operating temperature 




-20 — 1-75 


•c 


Tstg 


Storage temperature 




-55 — 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=25r. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


l^ax 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 




Output supply voltage 


10 




40 


V 


lo 


Output current 


20 




500 


nnA 


tPLH 


Logic input rise time 






2 


/us 


tPHL 


Logic input fall time 






2 


MS 


Ton 


Tfiermal shutdov/n temperature 




150 




°C 


V,H 


Logic input voltage 


"H" 


2.0 




Vcc 


V 


V.L 


"L" 


0 




0.8 


V 



ELECTRICAL CHARACTERISTICS (Ta=25C unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


VcH 


Comparator threshold voltage 


Vr=5V 


400 


430 


450 


mV 


'co 


Comparator input current 




-20 




20 


/uA 


loFF 


Output cutoff current 








100 


Mfi^ 


Vsat 


Saturation voltage 


Sensing resistance is not included. lo=500mA 






3.5 


V 


tOFF 


Cutoff time 


VMM=1t)V, toN^5/iS 


25 


30 


35 


JUS 


td 


Turn-off delay 


dVK/dt^50mV/AiS 




1.6 


2.0 


JUS 


Ice 


Supply current 


Vcc=5V, one phase 






25 


mA 


Ptop 


Power dissipation 


lm=500mA ts=30kHz 




1.8 


2.3 


W 


llH 


Logic input current 


"H" 


V|=2. 4V 






20 


//A 


'iL 


"L" 


V|=0. 4V 


-0.4 






mA 
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SWITCHING CHARACTERISTICS 



TIMING CHART 




toFF=0.69 • Rt'Ct 



TWO-PHASE EXCITATION 



Phase 2 



1 I I I I 



1_J L 



1 \ L 



r 



APPLICATION EXAMPLE 




STEPPER MOTOR 



Rcii Rc2~ 1 
Cci. Cc2=820pF 
Rti. RT2=56kn 
Cci, Ct2=820pF 
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DESCRIPTION 

The M54648AL is a semiconductor integrated circuit, cap- 
able of directly driving bi-directronal micro motor, with a 
built in speed control circuit. 

FEATURES 

• Wide operating voltage range ( Vcc ==4^ 18V) 

• N MOS, C MOS IC output for direct drive 

• Large output sink current (lo(max)=±3.0A) 

• Built-in operational amplifier for "H" output voltage 
control 

• Built-in clamp diode 

• Braking mode input 

• Compact power package requiring small space 
APPLICATION 

Audio tape deck player, radio cassette player, VTR, Home- 
use equipment 

FUNCTION 

The M54648AL, full bridge motor driver, has the logic cir- 
cuitry and the quasi-darlington power driver for driver for 
bidirectional control of D-C motors operating at current up 
to 3. OA. 

The inputs, Si, S2 and S3, are capable to control the bridge 
output polarity and also to select the supply Voltage of the 
predriver from the voltages drived by Vi, V2 or the output of 
the operatinal amplifier. 

The internal thermal shutdown protector protects the IC 
from thermal destruction due to blocking of motor, etc. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT 1 


Oi 




L 






GND 


GND 




E 






OUTPUT 2 


O2 




[I 






OUTPUT CONTROL INPUT 1 


Vi 




E 






OUTPUT CONTROL INPUT 2 


V2 




E 






POWER SUPPLY 


Vcc 




E 






OP AMP OUTPUT 


Vs 




E 






OP AMP INPUT( + ) 


IN( + ) 




E 




8A 


OP AMP INPUT(-) 


IN(-) 




E 




r 


INPUT 3 


S3 




Eo 






INPUT 2 


S2 




E 






INPUT 1 


Si 




[12 







o 



o 



Outline 12P9B 



LOGIC TRUTH TABLE 



Input 


Output 


Driver power 
supply (Vcc) 


Note 


Si 


S2 


S3 


O1 


O2 


L 


L 


L 


"OFF" 
State 


"OFF" 
State 




STOP 


L 


L 


H 


H 


L 


OP AMP OUTPUT 


PLAY(+) 


L 


H 


L 


L 


H 


OP AMP OUTPUT 


PLAY(-) 


L 


H 


H 


H 


L 


V2 


FF(2) 


H 


L 


L 


L 


H 


V2 


REW(2) 


H 


L 


H 


H 


L 


Vi. 


FF(1) 


H 


H 


L 


L 


H 


Vi 


REWd) 


H 


H 


H 


L 


L 


Vs 


BRAKE 



BLOCK DIAGRAM 



INPUTS INPUT 2 INPUT 1 

S3 S2 Si 

— (10) (Ti) (vzy 



INPUT H INPUT H INPUT 
I 



DECODER 



CONTROL LOGIC 



PREDRIVER 





4) 6 



GND 



O1 

OUTPUT 1 



Vcc 



THERMAL 
SHUT DOWN 



O2 Vcc 
OUTPUT 2 POWER SUPPLY 




C8)lN( + ) OP AMP INPUT( + ) 
(9)lN(-) OP AMP INPUT(-) 
mVs OP AMP OUTPUT 

0v, 



OUTPUT CONTROL 
INPUT 1 



OUTPUT CONTROL 
INPUT 2 
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ABSOLUTE MAXIMUM RATINGS (Ta=25C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With an external heat sink (3000mm^X1.5mmt) 


-0. 5'-+20 


V 


Vi 


Input voltage 


4Pin, 5Pin 


— 0.5~+14 or Vcc 


V 


Inputs pin other than the above 


-0. 5~Vcc 


Vo 


Output voltage 




-2. 0~Vcc+2. 5 


V 


'o(nnax) 


Peak output current 


top=10ms ; repetive cycle 0. 2Hz max 


±3.0 


A 


lod) 


Continuous output current (1 ) 




±300 


mA 


lo(2) 


Continuous output current (2) 


With an external hbat sink (3000mm^X1.5mmt) 


±800 


mA 


Pd 


Power dissipation 


Ta=75°C 


0.8 


W 


Topr 


Operating temperature 




-10 — h75 


"C 


Tstg 


Storage temperature 




-55 — hi 25 





RECOMMENDED OPERATING CONDITIONS (Ta=25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


12 


18 


V 


lo 


Output current 








±300 


mA 


V,H 


High-level input voltage 




3 




Vcc ' 


V 


V,L 


Low-level input voltage 




0 




1 


V 


tB 


Motor braking interval 




100 






ms 


tj(shut) 


Thermal shutdown temperature 




125 


150 




-c 


ELECTRICAL CHARACTERISTICS (Ta=25C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'o(leak) 


Output leakage current 


Vsi=OV 
Ss2=0V 
Vs3=0V 


Vo=OV 
Vcc=Vs=20V 






-100 


juA 


Vo=14V 
Vcc=Vs=14V 






+100 


VoHd) 


High-level output voltage (1 ) 


Vcc=16V 

ViN(-)=OV 

ViN(+)=3V 


Vsi=Vs2=0V 
Vs3=3V 


loH= -200mA 


13 






V 


loH= -500mA 


12.8 






VoH(2) 


High-level output voltage (2) 


Vcc=16V 

V|N(-)=OV 

ViN(+)=3V 


Vsi=Vs3=0V 
Vs2=3V 


loH= -200mA 


13 






V 


loH= -500mA 


12.8 






Voud) 


Low-level output voltage (1 ) 


Vcc=16V 

ViN(-)=OV 

V,N(+)=3V 


Vsi=Vs3=0V 
Vs2=3V 


loL=200mA 






1.1 


V 


loL=500mA 






1.2 


VoL(2) 


Low-level output voltage (2) 


Vcc=16V 

ViN(-)=OV 

V,N(+)=3V 


Vsi=Vs2=0V 
Vs3=3V 


loL=200mA 






1.1 


V 


foL=500mA 






1.2 


l|H 


High-level input current 


Vcc=16V, Vis=3V(Si, S2, S3) 






10 


mA 


l|L 


Low-level input current 


Vcc=16V, V|s=OV(Si, S2. S3) 






-20 


juA 


•cc 


Supply current 


Vcc=16V, Vsi=Vs2=Vs3=3V 






30 


mA 


A 


Op amp open-loop-gain 




50 






dB 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



UJ 

ai 2 

00 ^ 

< Q. 

^ to 

O «2 

<£ 
o 



10 

8.3 

8 

6 
5 
4 

2 
1.6 

0 



1 ) WITH HEAT SINK OF INFINITE SIZE 

2) 25cm2Xl. 5mmt ALUMINUM HEAT SINK 

3) FREE AIR 



25 



50 



75 



100 



AMBIENT TEMPERATURE Ta(°C ) 



APPLICATION EXAMPLE 



SERVO INPUT o- 



CONTROL INPUT 



|20k 



12 11 10 9 



II Ok 



20k I 1 10k 



12V 



+ 

2f 10-100// 



10k| 1 10k 



7 6 5 4 3 2 _ 
Si Sg S3 IN IN Vs Vcc V2 Vi O2GNDO1 
(-)(+) 

M54648AL 



Unit : n 
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DESCRIPTION 

The M54649L, BI-DIRECTIONAL MOTOR DRIVER, consists 
of a full bridge power designed for use in are two DC- 
motor control circuit. The internal operational amplifier is 
capable for controlling the voltage across the bridge out- 
puts. 

FEATURES 

• Capable of driving two bi-directional motors 

• High-level Output voltage control pin 

• Internal thermal shutdown protector 

• Large output sink current (lo(max)=1-6A) 

• Wide operating supply voltage (Vcc=4~18V) 

• CMOS IC output for direct drive 

APPLICATION 

Audio tape deck, radio cassette player, VTR, Home-use 
equipment 



PIN CONFIGURATION (TOP VIEW) 


GND 


GND 


K 








OUTPUT 2 


O2 










OUTPUT 3 


O3 










INPUT 1 


IN1 










INPUT 2 


IN2 




ai 






INPUT 3 


IN3 




1 

CO 






POWER SUPPLY 1 


Vcci 


E 


r 






OUTPUT CONTROL INPUT 


Vr 


-E 








DRIVER POWER SUPPLY 2 


VcC2 


E 








OUTPUT 1 


01 










Outline 10P5 



FUNCTION 

The M54649L, full bridge motor driver, has the logic circuit- 
ry and the darlington power driver for bi-directional control 
of two DC motors operating at current up to 1.6A. 
The input IN1, IN2 and INS are capable to control the 
bridge output polarity. 

The internal thermal shutdown protector protects the IC 
from thermal destruction due to blocking of motor, etc. 



LOGIC TRUTH TABLE 



Input 


Output 


Note 


4 PIN 
(IN1) 


SPIN 
(IN 2) 


6 PIN 

(IN 3) 


10 PIN 

(0UT1) 


2 PIN 
(OUT 2) 


3 PIN 

(0UT3) 


L 


L 


L 


L 


L 


L 


Braking 


H 


H 


L 


L 


H 


L 


OPEN 




H 


L 


H 


L 


H 


OPEN 




L 


H 


L 


H 


OPEN 


L 




L 


H 


H 


L 


OPEN 


H 




H 


H 


L 


L 


L 


L 


Braking 


H 



BLOCK DIAGRAM 

r 




iN2 
INPUT3 



'cc2 DRIVER POWER SUPPLY 2 



{8)VR OUTPUT CONTROL INPUT 
®OUT1 OUTPUT 1 
^0UT2 OUTPUT 2 
3) OUT 3 OUTPUTS 



7)Vcc1 POWER SUPPLY 1 
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ABSOLUTE MAXIMUM RATING (Ta=25C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vccd) 


Supply voltage (1 ) 




-0. 5—4-20. 0 


V 


Vcc(2) 


Supply voltage (2) 




-0. 5~+22. 0 


V 


V, 


Input voltage 




-0.5— +7.0 


V 


Vo 


Output voltage 




-2. 0~Vcc+2. 5 


V 


'op 


Peak output current 


top^SOms; duty cycle 1 /50 


±1.60 


A 


'o 


Continuous output current 


Notel 


±600 


mA 


Pd 


Power dissipation 


Time of power .applicatton 10s or less 


2. 78 


W 


Topr 


Operating temperature 




-20~+75 


"C 


Tstg 


Storage temperature 




—55 — 1-125 


"C 



RECOMMENDED OPERATING CONDITIONS (Ta=25C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vccd) 


Supply voltage (1 ) 




4.0 


12.0 


18.0 


V 


Vcc(2) 


Supply voltage (2) 




0.0 




22.0 


V 


lo 


Output current 








±600 


mA 


V,H 


High-level input voltage 




3.5 




Vcc 


V 


V,L 


Low-level input voltage 




0.0 




1.0 


V 


Vr 


Control voltage 




0.0 




18.0 


V 


Ton 


Thermal shutdown temperature 




125 


150 




"C 


^ToN-OFF 


Hysteresis temperature width 






50 




°C 



ELECTRICAL CHARACTERISTICS (Ta=25C unless oterwise noted) 



Simbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


•o(ieak) 


Output leakage current 


Output open Vo=0 or 20V 


Vcci, 2=20V 






±100 


/uA 


Vou 


Low-level output saturation voltage 


loL= 500mA 


Vcci,2=12V 






1.5 


V 


VoH 


High-level output saturation voltage 


loH=-500mA 


Vcci,2=12V 


10.0 






V 


^Vo 


High-level input current 


lo=±500mA Vr=6. OV 


Vcci,2=12V 


—0.5 




0.5 


V 




Low-level input current 


lo±500mA Vr=6. OV 


Vcci,2=12V 


Ql.2 




1.5 


mA 


•cci 


Supply current 


ViNi, 2, 3=1. OV lo=OmA 


Vcci,2=12V 




8.0 


24.0 


mA 



* : A typical value is at Ta=25°C. 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



UJ 

II 3.. 
°- a2.78 

s i 

2.0 

o 

HI = 

^ I 1.42 

li '-0 











t=10sec 
t=30sec 








t=oo 

















• Minimum heat protection at 125°C 

• Mounted on an epoxy PC board with Cu 
cover on one side C50X50X0. 8mm3 

• t : time for power application at single 

pulse duration 



25 



50 



75 



100 



AMBIENT TEMPERATURE Ta(°C) 



APPLICATION EXAMPLE 



M54649L 



GND O2 O3 INI IN2 IN3 Vcci Vr Vcc2 Oi 



control: 

SIGNAL^ 



Cr 



10 



RO 



R1^ 



30;t^F 



10;t^F 



1 
1 

"1 
I 



16V 



12V 



:r2 



CM : Noise absorbing capacitor wlien tlie motor is 

driven should be less than 0.1/^ F. 
Ro • Current limiting resistor when output is shorted. 
(^Ri^ I The "H" output voltage Vocio is given in, 

Vo(ii)— Vcci^ R1-I-R2 
If the resistance of the Ri and R2, the output cur- 
rent Vo(H) is higher than the Vr (pin 8). 



Or *. If separate power supply is used for the Vr (pin 
8), the output may oscillate. In this case, a capa- 
citor Cr (0.01// F) must be connected between 
the Vr (pin 8) and Vcc2 (pin 9). 
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PRECAUTIONS FOR USE 

1. Input circuit schematic diagram 



PINS 4, 5, 6^^ 



5k 



7.8V a 











r 











— TO THE INTERNAL CIRCUIT 



: 10k 



— FROM THE INTERNAL CIRCUIT 
GND 



Apply 3.5V-Vcc to the ON voltage (V,h) and 0-1V to the 
OFF voltage (Vil) of the input. 

If the input voltage reaches approximately 7.8V or above, 
the impedance changes to approximately 5k H and, there- 
fore the voltage should be kept below 7V. 



2. Output voltage control method 

The output cotrol circuit using the pin 8 is described on the 
right, and the voltage which is almost equal to the 8 pin vol- 
tage is output from the circuit. ("H" side) 
If pin 8 is open, the maximum output voltage is available 
when Vcc2>Vcci and the voltage is given in, 

Vo=Vcci-Vsat(Trl)-VBE(Tr2)-VBE(Tr3) 
The output voltage can be controlled by varying the Vcci in 
this condition. 

3. Precaution for braking 

Care must be taken to braking mode input because the 
motor may affect other motors at the moment when it is 
switched from driving condition to braking condition. 




OUT 
o 2, 3, 10 PIN 



4. Allowable power dissapation 

The allowable power dissipation of the 10 (Pd), when Vcc2 
>Vcci. is given by. 

Pd=VcciXlcci+lo 1Vcc2-Voh+Vol! 
The equipment must be so designed as not exceed this 
limit. 



5. Thermal shutdown 

The internal thermal shutdown circuit is provided to protect 
the 10 from overheating when excessive power is applied. 
The protection circuit functions when the temperature of the 
10 reaches 150°C (Min. 125''C), and all outputs are in the 
OPEN mode, and is canceled when the temperature is de- 
creased to 100°C (Max. 125°C). 
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M54649L 



DUAL BI-DIRECTIONAL MOTER DRIVER WITH BRAK FUNCTION 

AND THERMAL SHUT DOWN FUNCTION 



6. Aso Characteristics 



POWER APPLICATION 
TIME 200msec 




0 4 8 12 14 16 20 
COLLECTOR-EMITTER VOLTAGE Vce(V) 



7. Others 

Capacitors which are connected between power supply 
and GND should be placed as close to the iC as possible. 
Care should be taken as the capacitors may cause oscilla- 
tion otherwise. 
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IVI54660P 



8-UNIT HIGH VOLTAGE 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



DESCRIPTION 

The M54660P, 8-channel source driver, consists of 8 PNP 
and 16 NPN transistors connected to from eight high cur- 
rent gain driver with PNP action. 



FEATURES 

• High output sustaining voltage to 80V 

• High output source current to 500mA 

• Wide operating temperature range (Ta=- 



^o-^+ysr) 



APPLICATION 

Relay and printer driver, LED, incandescent or fluorescent 
display driver, Interfacing for standard MOS/BI POLAR 
logics 

FUNCTION 

The M54660P is comprised of eight PNP-NPN darlington 
source driver pairs with a diode and 7k O resistor in series 
to the input. The output is turned ON by switching the input 
low. Each output has an integral diode for inductive load 
transient suppression. The outputs are capable of driving 
500mA and are rated for operation with output voltage up to 
80V. 



PIN CONFIGURATION (TOP VIEW) 



I N2 — [7 -<(>--^ — it] 02 
IN3 — [T -^^-^ - le] 03 

[7 -^^-^ — Ti] 04 



INS — |T-K^ 



IN8 — |T-K^^^- 



13]— 06 
]2]— 07 
TT]— 08 



I- To] 



Outline 18P4 



CIRCUIT SCHEMATIC 



INPUT O ^ \ 4' 



-O Vs 




The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5 1-80 


V 


Vs 


Supply voltage 


Transistor ON 


-0. 5 — 1-80 


V 


V, 


Input voltage 




0~Vs— 30 


V 


lo 


Output current 


Per channel current at "H" output 


7-500 


mA 


If 


Clamp diode forward current 




-500 


nnA 


Vr 


Clamp diode reverse voltage 




80 


V 


Pd 


Power dissipation 


Ta=25°C 


1.79 


W 


Topr 


Operating temperature 




-20—1-75 


r 


Tstg 


Storage temperature 




-55 — 1-125 
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MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54660P 



8-UNIT HIGH VOLTAGE 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



RECOMMENDED OPERATIONAL CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vs 


Supply voltage 


0 




80 


V 


lo 


Output current 
per channel 


All units ON 

Percent duty cycle ^8% 


0 




-350 


mA 


All units ON 

Percent duty cycle ^55% 


0 




-100 


V,H 


"H" Input voltage 


lo(leak)=-50/^A 


Vs-0.7 




Vs 


V 


V,L 


"L" Input voltage 


lc= -350mA 


0 




Vs-3. 6 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


Iceo=100a<A 


80 






V 


VcE(sat) 


Output saturation voltage 


V|=Vs-3.2V, lo= -100mA 






2.0 


V 


Vi=Vs-3.6V, lo=-350mA 






2.4 




Input current 


V|=Vs-3. 6V 






-0.6 


mA 


V|=Vs-15V 






-3.2 


Ir 


Input leakage current 


V,=40V 






100 




Vr 


Clamp diode reverse voltage 


iR=100//A 


80 






V 




DC forward current gam 


VcE=4V, lc= -350mA Ta=25°C 


1000 









* : A typical value at Ta = 25°C. 



TYPICAL CHARACTERISTICS 



ALLOWABLE AVERAGE 
POWER DISSIPATION 




OUTPUT CURRENT 
CHARACTERISTICS 



500 



400 



300 



200 



100 



—J Ta=75t 

■ ^Ta=25t 

Ta=-2( 














-h 
















Vs=20 1 








































f 




























































V- 




































1 




1 


.-I. 




i 







AMBIENT TEMPERATURE TaCC) 



INPUT VOLTAGE Vs-V,(V) 
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IVI54660P 



8-UNIT HIGH VOLTAGE 500mA SOURCE TYPE DARLINGTON TRANSISTOR ARRAY 



ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 



-500 



; -400 



uj -300 



-200 — 



-100 







































































































• Tl- 


\e cu 


rrent 


IS^ 














Shown by the value^ 
oer outDut. 1 1 












• Repeti 
— ^ 10H 

• The nt 


tive Frequency 

2-1— \ \— 










mber in O is the n 


umb 


3r of 


outpi 


jts 


— conducting simultaneously 
• Ta=251C 1 1 1 1 









ALLOWABLE OUTPUT CURRENT 
AS A FUNCTION OF DUTY CYCLE 



-500 



— -400 

E > 



-300 



IT 
O 



-200 



-100 











































J! 










\ 


















































• J\ 




















curren 
Is shov 


vn^ 
















by the value 
per output. J 

• Repetitive Freqi 

• The number in C 
conducting simu 


jenc 
3 is 
Itane 


he n 
ousi 


10H: 
umb 


er of 
•Ta= 


outp 

=75°( 


uts— 



20 



40 



60 



80 



100 



20 



40 



60 



100 



DUTY CYCLE {%) 



DUTY CYCLE (%) 



DC CURRENT GAIN 
CHARACTERISTICS 







Ta 




75rp 


















Ta 




25^- 
-20'( 


















Vc 




20V| 


















VcE= 


=4V 






























r- 
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COLLECTOR CURRENT lc(mA) 
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MITSUBISHI BIPOLAR DIGITAL ICs 



MS4661P 



4-UNIT HIGH VOLTAGE 1.5A DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



DESCRIPTION 

The M54661P, 4-channel sink driver, consists of 4 PNP and 
8 NPN transistors to frorti four high current gann driver pairs. 

FEATURES 

• High output sustaining voltage to 80V 

• High output current to 1.5A 

• Integral diodes for transient suppression 

• NMOS Compatible input 

• Wide operating temperature range (Ta=— 20 — |-75°C) 
APPLICATION 

Relay and printer driver, LED or incandescent display digit 
driver 

FUNCTION 

The M54661P is comprised of four PNP invertors with 7k 
series input resistors and NPN darlington sink drivers. Each 
output has an integral diode for inductive load transient 
suppression and the anodes of the diode connected to pins 
1 and 9. The outputs are capable of sinking 1.5A and will 
withstand 80V in the OFF state. 



PIN CONFIGURATION (TOP VIEW) 

COMMON COM -* |T ] Y ^T~ m 04 OUTPUT 



OUTPUT 01 ♦-[T 



GND 



INPUT IN1— 

E 

IE 

INPUT IN2-^|T-<{i>o-| 
NC [7 
OUTPUT 02*-[T 



^15]- 

mi 

r<<ij>-TT]^IN3 INPUT 

10]-*O3 OUTPUT 
T] COM COMMON 



- IN4 INPUT 

Vcc 

GND 



Outline 16P4 



NC ' No connection 



CIRCUIT SCHEMATIC 



INPUT otH^ 



-oVcc 




->f^COM 



-l-oOUTPUT 



-i — i-oGND 



The diodes shown by broken line are 
parasite diodes and must not be used 



Unit : n 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75°C. unless otherwise noted) 



Synnbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 hlO 


V 


VcEO 


Output sustaining voltage 


Transistor OFF 


-0. 5~+80 


V 


V, 


Input voltage 




-0. 5~30 


V 


Ic 


Collector current 


Transistor ON 


1.5 


A 


Vr 


Clamp diode reverse voltage 




80 


V 


If 


Clamp diode forward current 


Pulse widths 10ms, Percent duty cycle^5% 


1.5 


A 


Pulse widths 100ms, Percent duty cycle ^5% 


1.25 


Pd 


Power dissipation 


Ta=25°C 


1.92 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55 — hi 25 





2-378 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54661P 



4-UNIT HIGH VOLTAGE l.SA DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIODE 



RECOMMENDED OPERATIONAL CONDITIONS (Ta 20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


6 


V 


Vo 


Output voltage 


0 




80 


V 


Ic 


Collector current 
per channel 


All units ON 

Percent duty cycle ^4% 


0 




1.25 


A 


All units ON 

Percent duty cycle^18% 


0 




0.7 


V,H 


"H" Input voltage 


lo(leak)=50/iA 


Vcc-0.5 




Vcc 


V 


V,L 


"L" Input voltage 


lc=1.25A 


0 




Vcc-3.5 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V(BR)CEO 


Output sustaining voltage 


lcEo="IOO//A 


80 






V 


'cc 


Supply current 


Vcc=6V, V|=0. 5V (per channel) 




4.6 


7.5 




VcE(sat) 


Output saturation voltage 


Vcc=4V 


ic=1.25A 






2.2 


V 


V,=0. 5V 


lc=0.7A 






1.7 




Input current 


V|=Vcc-3. 5V 






-0.6 


nnA 


1, 


V|=Vcc-6V 






-0. 95 


Vr 


Clamp diode reverse voltage 


Ir=100a/V 


80 






V 


Vf 


Clamp diode forward voltage 


If=1.25A 






2.3 


V 




DC forward current gam 


Vcc=4V, VcE=4V, lc=lA, Ta=25*'C 


4000 









* : A typical value is at Ta = 25°C 

TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



OUTPUT CURRENT 
CHARACTERISTICS 




1.6 



- 1.2 



O 
O 



0.8 



0.4 





1 1 
















Vcc 

VCE 


=4V 












— r 






— 1 


5°C 














— la — 
r-Ja 20- 


C 




1 

































































































































25 50 75 

AMBIENT TEMPERATURE Ta(°C) 



0 0.5 1.0 1.5 2.0 

INPUT VOLTAGE Vcc-V,(V) 
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MITSUBISHI BIPOLAR DIGITAL ICs 



IVI54661P 



4-UNIT HIGH VOLTAGE 1.5A DARLINGTON TRANSISTOR ARRAY 

WITH CLAMP DIObE 



ALLOWABLE COLLECTOR CURRENT 

AS A FUNCTION OF DUTY CYCLE 

2.0 



1.5 



1.0 



:J 0.5 



o 
o 



• The current is shown by the value 
per output. I I 



• Repetitive Frequency ^ 10Hz | 

• The nunnber in O is the number of 
""outputs conducting simultaneously' 

• Ta=25°C 




0 20 40 60 80 100 
DUTY CYCLE (%) 



ALLOWABLE COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 



ID 
O 
IT 

o 



o 
o 



2.0 



1.5 



1.0 



0.5 



• The current is shown by the value 
_ per output. I I I I I 



• Repetitive Frequency ^ 10Hz | 

• The number in O is the number of 
outputs conducting simultaneously 

• Ta=75'C 




'0 20 40 60 80 100 
DUTY CYCLE (%) 




COLLECTOR CURRENT lc(mA) 
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MS4700AP/ S/P, S-l/P, S-2 
IViS4701AP, S/P, S-l/P, S-2 

1024-BIT (2S6-WORD BY 4-BiT) 
FIELD PROGRAMMABLE READ ONLY MEMORY 



DESCRIPTION 

The M54700AP,S (open collector output) as well as the 
M54701AP,S (three state output) are field programmable 
ROM's with fuse links type 1024-bit (256 words x 4-bit) 
memories. 

FEATURES 

• Access time 

M54700AP,S-1/M54701AP,S-1 30ns (Max) 

M54700AP,S-2/M54701 AP,S-2 35ns (Max) 

M54700AP,S/M54701 AP,S 50ns (Max) 

• Unique built-in test guarantee circuits a high programm- 
ing yield as well as various performance characteristics 
after programming. 

• Fuse technology is used. 

• Memory capacity: 1024 bits (256 words x 4 bits) 

• Output type M54700AP,S (open collector output) 

M54701AP,S (three state output) 

• Output level before programming is high. 

• Chip enable pin E^, E2 provided for easy expansion of 
memory capacity. 

• Input and output are TTL compatible. 

• Package is 1 6-pin OIL ceramic or plastic. 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment 

SUMMARY OF OPERATION 

The unit consists of an address circuit, decoder circuit, 
memory circuit, output circuit, and a chip enable circuit. The 
memory cells are structured from fuses and diodes. Data can 
be programmed into the PROM by the user using a writer by 



The electrical characteristics and programming conditions of the M54700P,S 
were changed to make the M54700AP,S 



PIN CONFIGURATION (TOP VIEW) 



ADDRESS INPUTS 



' A6-^|T 




16] Vcc 


A5-[i; 




IBJ^At 


A4-^[l 






A3-IT 




13]*- IT 


5470 
5470 


Ao — [5 


- ^ 0 
> > 
TJ TJ 


12]— 0, 


A,— [? 


(A V) 


n]— 02 


. A2 — [7 




10]- 03 


GND [8 







ADDRESS INPUTS 



CHIP 

ENABLE INPUTS 



DATA OUTPUTS 



Outline 1 6 S 1 ( M 54700A s , M 54701 A s ) 

16P4 (M54700AP, M 54701 AP) 



cutting the fuses of the memory cells. Before programming, 
the output level is high. After programming, the output level 
becomes low. 

The 1024 bit memory is made up of 256 words with 4 
bits associated with each word. Through the address inputs 
(A0-A7) one word out of the 256 is chosen and a 4-bit 
parallel output (0^-04) is obtained. 

Input and output threshold voltages are the same as that 
for a TTL system and thus direct coupling can be made with 
TTL logic. Output is open collector (M 54700 AP,S) or three- 
state (M54701AP,S) so AND ties are possible. 



BLOCK DIAGRAM 




,Vcc 

(5V) 



(OV) 



DATA OUTPUTS 

♦ : OPEN COLLECTOR OUTPUT 



DATA OUTPUTS 



M54700AP, S 



M54701AP, S 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54700AP, S/P, S-l/P, S-2/M54701AP, S/P, S-l/P, S-2 

1024-BIT (256-WORD BY 4-BIT) 
FIELD PROGRAMMABLE READ ONLY MEMORY 



When both of the chip enable inputs, E-j and E2 are at low 
level, the otuput is enabled and the content of the memory 
selected by the address input appears as output. If either 
or E2 is at high level, the output is disabled and regardless of 
the address input, the output is "H" (open collector output) 
or high impedance (three-state output). 



READ-OUT FUNCTION TABLE (Note 1) 



M54700AP,S Read-Out 
Function Table 



M54701AP,S Read-Out 
Function Table 



eT 


e7 


Oi~04 




e7 


Ez 


O1-O4 


L 


L 


Wn 




L 


L 


Wn 


H 


L 


H 




H 


L 


Z 


L 


H 


H 




L 


H 


Z 


H 


H 


H 




H 


H 


z 



ABSOLUTE MAXIMUM RATINGS la = 25°C, unlees otherwise noted) 



Note 1 Wn The nnennory content progrannmed in Wn word appears 
as output 
Z Hign innpedance state 



Synnbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.5~-l-7 


V 


V| 


Input voltage 




-0.5~+5.5 


V 


Vo 


Output voltage 


When output is high level 


-0.5~+5.5 


V 


VOP 


Applied output voltage 


During programming 


21 


V 


t W (P)/tc(P) 


Duty cycle 


25 


% 


Topr 


Operating tennperature 




-20- + 75 


•c 


Tstg 


Storage temperature 




-65- + 150 





RECOMMENDED OPERATING CONDITIONS (Ta=o ~75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4 75 


5 


5 25 


V 


'oh 


High level output curient (M54701 AP/S) Voh^2 .4V 


0 




-2 


mA 


Iqh 


High level output current (M54700AP/S) Vo = 5V 


0 




50 


A/A 


Iql 


Low level output current Vol^0.45V 


0 




16 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -20 +75 



C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


VlH 


High level input voltage 




2 






V 


ViL 


Low level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, lic=- 18mA 






- 1.2 


V 


Vqh 


High level output voltage (M 54701 AP , S) 


Vcc = 4.75V, V|=2V, V|=0.8V 
l0H= —2mA 


2.4 


3.1 




V 


•oh 


High level output current (M54700AP, S) 


Vcc=5.25V, V|=2V, V|-0.8V 
Vo = 5V 






50 


/iA 


Vol 


Low level output voltage 


Vcc = 4.75V, V|=2V, V|=0.8V, 
l0L= 16mA 




0.3 


0.45 


V 


•OZH 


Off-state High level output current (M54701 AP, S) 


Vcc = 5.25V, V|=0.8V, 
V|=2V, Vo=2.4V 






50 


/"A 


•OZL 


Off-state Low level output current (M 54701 AP, S) 


Vcc = 5.25V, V|=0.8V, 
V|=2V, Vo = 0.4V 






-50 


^^ 


llH 


High level input current 


Vcc = 5.25V, V|=2.4V 






40 




IlL 


Low level input current 


Vcc = 5.25V, V|=0.4V 




-100 


-250 


A^A 


los 


Output short-circuit current (M54701 AP, S) (Note 2) 


Vcc = 5.25V, Vo=OV 


-15 




-100 


mA 


'cc 


Supply current (Note 3) 


Vcc = 5.25V, V|=OV 




80 


120 


mA 


CiN 


Input capacitance 


Vcc = 5V, V|=2V, f=1MHz 




4 




PF 


COUT 


Output capacitance 


Vcc = 5V, Vo=2V, f=1MHz 




7 




PF 



* : A typical value at Ta=25°C 

Note 2 All measurements should be done quickly and not more than 
one output should be shorted at a time 
3 Ice IS measured with all inputs at GND 
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M54700AP, S/P, S-l/P, S-2/M54701AP, S/P, S-l/P, S-2 

1024-BIT (256-WORD BY 4-BIT) 
FIELD PROGRAMMABLE READ ONLY MEMORY 



SWITCHING CHARACTERISTICS <Vcc = 5V ± 5%, Ta = 0~75°C, unless otherwise noted) (Note 4) 



Symbol 


Paranneter 


Limits 


Unit 


M54700AP, S-1 
M54701AP, S-1 


M54700AP, S-2 
M54701AP, S-2 


M54700AP, S 
M54701AP, S 


Mm 


Typ 


Max 


Mm 


Typ 


Max 


Mm 


Typ 


Max 


ta(A) 


Address access time 




20 


30 




20 


35 




20 


50 


ns 


U(E) 


Chip enable access time 




20 


30 




20 


30 




20 


30 


ns 


tcD (E) 


Chip disable time 




20 


30 




20 


30 




20 


30 


ns 



Note 4 Test Circuit 



INPUT Vcc 



: 50Q 



w 



Vcc OUTPUT 

9 ? 

<300Q 



1=130 pF 
600^2 



1 PG characteristics tr = 6ns, tf = 6ns, PRR - IMHz, 

tpw = 500ns, Vp = 3Vp.p, Zq = 50fi 

2 The electrostatic capacitance of the load includes probe and 
)ig capacitance 



TIMING DIAGRAMS (Reference voltage = 1 5V) 



Ao~A7 J 

Oi~04 

(NORMAL-PHASE) 


ta(A) 








Ol~04 

(OUT OF PHASE) 


\ 



3V 



ta(A)" 



' VoH 



Vol 
Vqh 



JtaCA^^^^^r— 



Et or E2 



Eo or E-i 



Oi~04 



ov 

3V 



ta(E)^^j ^ 



tCD(E) y_ Vqh 



Vol 



Vol 



RECOMMENDED OPERATING CONDITIONS FOR PROGRAMMING (umess otherwise noted Ta = 250 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


ViH(P) 


High level input voltage 


2 4 


5 


5 


V 


VlL(P) 


Low level input voltage 


0 


0 


0.4 


V 


Vo(P) 


Applied output voltage 


20 


21 


21 


V 


tw(P) 


Applied pulse width 


0 05 


0 18 


50 


ms 


t w(P)/tc(P) 


Duty cycle 




20 


25 


% 


tr 


Pulse rise time 


5 


10 


30 


/us 


N(p) 


Number of pulse applied 


1 


4 


4 




Vcc(P) 


Supply voltage during programming 


4.9 


5 


5.1 


V 


lop 


Applied output current 






100 


mA 


VcCL(v) 


Low level supply voltage for check after programmir 


ig 4.4 


4.4 


4.5 


V 
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M54700AP, S/P, S-l/P, S.2/IVI54701AP, S/P, S-l/P, 5-2 

1024-BIT (256-WORD BY 4-BIT) 
FIELD PROGRAMMABLE READ ONLY MEMORY 



PROGRAMMING TIMING DIAGRAM 



Vcc 



Ao~ A? 



Vo(P) 
(Oi~04) 



Oi~04 




OUTPUT OFF STATE 



PROGRAMMING 



Vcc(P) 
VcCL(V) 



V|H(P) 



OUTPUT OFF STATE 
^ Vol 



Note 5 Vqip) is 
6 E IS the 



CHECK 

the wave form applied to the output during programming 0^ -04 are the waveforms showing the output of the element itself 
waveform for either E^ or E2, the other being taken as Vi^p) 



PROGRAMMING METHOD 

The elements actually programmed are the fuses making up 
the 1 ,024 memory cells. When the memory cell is not pro- 
grammed, the output is logic high level (fuse closed). To put 
these at logic low level (fuse open), the following steps are 
taken. 

(1 ) Apply Vcc(p) supply voltage (5V Typ). 

(2) Select the word to be programmed by using the address 
inputs Ao - A7 (Input voltage: V|H(P) 5V Typ, V|l(P) OV 
Typ). 

(3) Put at least one of the chip enable inputs Ei» E2, at high 
level (V|H(P) 5V Typ) and put the output in the OFF 
state. 

(4) An output pulse Vo(P) (21V Typ) is applied to the output 
corresponding to the bit to be programmed. Vo(p) must 
be applied to each individual output; do not apply it to 
two or more outputs at the same time. 



(5) Put both B[ and at low level (V|l(p) OV Typ). 

(6) Put the supply voltage at Vccuv) (4.4V Typ) and check 
whether programming was completed or not. 

(7) If the test in step (6) is passed, repeat steps ( 1 ) through 
(6) for the next bit or word to be programmed. If the 
test in step (6) is not passed, repeat steps (1) through 
(6). If these steps are repeated four times and test 
results are not positive, the IC can be considered 
defective. 

For timing, refer to the programming timing diagrams. 

( 
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2S6-BiT (32-WORD BY B-BIT) 
FIELD PROGRAMMABLE READ ONLY MEMORY 



DESCRIPTION 

The M54730AP, S (open collector output) as well as the 
M^4730AP,S (three state output) are field programmable 
ROM's with fuse links type 256 bit (32 word x 8 bit) 
memories. 

FEATURES 

• Access time: 

M54730AP, S-1/M54731 AP, S-1 30ns (Max) 

M54730AP, S-2/M54731 AP, S-2 35ns (Max) 

M54730AP, S/M54731AP, S 50ns (Max) 

• Unique built-in test circuits guarantee high programming 
yield as well as various performance characteristics after 
programming 

• Fuse technology is used 

• Memory capacity: 256 bits (32 words x 8 bits) 

• Output type: M54730AP,S (open collector output) 

M54731AP,S (three state output) 

• Output level befor programming is high 

• Chip enable pin E provided for easy expansion of memory 
capacity 

• Input and output are TTL compatible 

• Package is 1 6-pin OIL ceramic or plastic 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment 

SUMMARY OF OPERATION 

The unit consists of an address circuit, decoder circuit, 
memory circuit, output circuit, and a chip enable circuit. The 
memory cells are structured from fuses and diodes. Data can 
be programmed into the PROM by the user using a writer by 



BLOCK DIAGRAM 



The electrical characteristics and programming conditions of the M54730P,S 
were changed to make the M54730AP,S 



cutting the fuses of the memory cells. Before programming,^ 
the output level is high. After programming, the output level 
becomes low. 

The 256 bit memory is made up of 32 words with 8 bits 
associated with each word. Through the address inputs 
Ao~A4, one word out of the 32 is chosen and an 8-bit 
parallel output, 0^ -Os, is obtained. 

Input and output voltages threshold are the same as that 
for a TTL system and thus direct coupling can be made with 
TTL logic. Output is open collector (M54730AP,S) or 
3-state (M54731 AP,S) so AND ties are possible. 



PIN CONFIGURATION (TOP VIEW) 



DATA OUTPUTS 



Oi^|T 
04— |T 

06 <^ [6 

07<H-(T 

(OV) GND 



^ -J 

(/) (/) 



lH Vcc (5V) 
lH ^ E CHIP ENABLE INPUT 
14]^A4 

|gI-Ao 

U^Og 



ADDRESS 
INPUTS 



DATA OUTPUTS 



Outline 16 SI (M 54730AS, M 54731AS) 
16 P4 (M54730AP, M 54731 AP) 






0 


cc 






LU 






o 






UJ 






Q 








31 1 









32 WORDS X 8-BITS 
ROM 

(32 ROWS X 1 COLUMN x 8) 



* T* T# T* Y* « T* T* 

Oi O2 O3 O4 O5 Oe O7 Og^-MSB 




DATA OUTPUTS 



* : OPEN COLLECTOR OUTPUTS 



M54730AP, S 



"~1 





0 


cr 






LU 

Q 












8 

CO LU 






P Q 








31 









32 WORDS X 8-BITS 
ROM 

(32 ROWS X 1 COLUMN x 8) 



O1 O2 O3 O4 O5 06 O7 08; *-MSB 
DATA OUTPUTS 

M54731AP, S 
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When the chip enable input E is at low level, the output is 
enabled and the content of the memory selected by the ad- 
dress input appears as output. When E is at high level, the 
output is disabled and regardless of the address input the 
output is high level (open collector output) or high im- 
pedance (3-state output). 



READ-OUT FUNCTION TABLE (Note!) 

M54730AP,S Read-out M54731AP,S Read-out 
function Table funciton Table 



E 


Oi~04 


L 


Wn 


H 


Z 



Note 1 Wn. The memory content programmed in Wn word 
appears as output 
Z High impendance state 



ABSOLUTE MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.5~-(-7 


V 


V| 


Input voltage 




-0.5~+5.5 


V 


Vo 


Output voltage 


When output is high level 


-0.5~+5.5 


V 


Vop 


Applied output voltage 


During programming 


21 


V 


tw(p)/tc(p) 


Duty cycle 


25 


% 


Topr 


Operating temperature 




-20~+ 75 


"C 


Tstg 


Storage temperature 




-65~ + 150 





RECOMMENDED OPERATING CONDITIONS (Ta= 0— 75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4 75 


5 


5.25 


V 


• oh 


High level output current(M54731 AP/S)Voh^2.4V 


0 




-2 


mA 


Iqh 


High level output current (M54730AP/S ) Vo = 5V 


0 




50 


A/A 


lOL 


Low level output current Vql^O .45 V 


0 




16 


mA 



ELECTRICAL CHARACTERISTICS (Ta= — 20 — + 75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ ♦ 


Max 


VlH 


High level input voltage 




2 






V 


ViL 


Low level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, lic= - 18mA 






-1.2 


V 


Vqh 


High level output voltage (M54731AP, S-)- 


Vcc = 4.75V, V|=2V, V|=0.8V 
l0H= -2mA 


2.4 


3.1 




V 


'oh 


High level output current (M54730AP, S) 


Vcc = 5.25V, V|=2V, V|=0.8V 
Vo=5V 






50 


/iA 


Vol 


Low level output voltage 


Vcc = 4.75V, V|=2Vi V|=0.8V, 
l0L= l6mA 




0.3 


0.45 


V 


•OZH 


Off-state High level output current (M54731 AP, S) 


Vcc = 5.25V, V|=0.8V, 
V| = 2V, Vo = 2.4V 






50 


//A 


•OZL 


Off-state Low level output current (M 54731 AP, S) 


Vcc = 5.25V, V|=0.8V, 
V|=2V, Vo=0.4V 






-50 


;UA 


llH 


High level input current 


Vcc = 5.25V, V|-2.4V 






40 


;UA 


IlL 


Low level input current 


Vcc = 5.25V, V|=0.4V 




-100 


-250 


/iA 


Iqs 


Output short-circuit current (M 54731 AP, S)(Note 2) 


Vcc=5.25V, Vo = OV 


-15 




-100 


mA 


• cc 


Supply current (Note 3) 


Vcc = 5.25V, V|=OV 




70 


100 


mA 


C|N 


Input capacitance 


Vcc = 5V, V|=2V, f=1MHz 




4 




PF 


Cqut 


Output capacitance 


Voc = 5V, Vo = 2V, f=1MHz 




7 




PF 



* : A typical value at Ta=25°C 

Note 2 All measurements should be done quickly and not more than one output should be shorted at a time 
3 Iqc is measured with all inputs at GND 
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IVI54730AP, S/P, S-l/P, S-2/M54731APp S/P, S-l/P, S-2 
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SWITCHING CHARACTERISTICS (Vcc = 5V±5%, Ta = 0~75°C, unless otherwise noted) (Note 4) 



Symbol 


Parameter 


Limits 


Unit 


M54730AP, S-1 
M54731AP, S-1 


M54730AP, S-2 
M54731AP, S-2 


M54730AP, S 
M54731AP, S 


Mm 


Type 


Max 


Mm 


Typ 


Max 


Mm 


Typ 


Max 


^a(A) 


Address access time 




20 


30 




20 


35 




20 


50 


ns 




Chip enable access time 




15 


25 




15 


25 




15 


25 


ns 


tCD(E) 


Chip disable time 




15 


25 




15 


25 




15 


25 


ns 



Note 4 Test Circuit 



INPUT 
o 



PG 



:50Q 



Vcc 



Vcc OUTPUT 

9 ? 

S300Q 



i;i30pF 
600^ 



1 PG charactenstics tr = 6ns, tf = 6ns, PRR = 1MHz, 

tpw = 500ns, Vp = SVp.p, Zq = 50fi 

2 The electrostatic capacitance of the load includes probe ar 
Jig capacitance 



TIMING DIAGRAM 



(Reference Voltage = 1 5V) 



Ao~A4 J 

Oi~08 

NORMAL-PHASE 


ta(A) , 






Oi~08 
OUT OF PHASE 


V 

Jta(An^ 



ta(A)' 



Vqh 



Vol 

VOH 



y tcD(E) 



Ol~04 



OV 

VoH 



Vol 



Vol 



RECOMMENDED OPERATING CONDITIONS FOR PROGRAMMING (Ta=25 c unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


V|H(P) 


High level input voltage 


2.4 


5 


5 


V 


V|L(P) 


Low level input voltage 


0 


0 


0.4 


V 


Vo(P) 


Applied output voltage 


20 


21 


21 


V 


tw(p) 


Applied pulse width 


0.05 


0. 18 


50 


ms 


t w(P)/tc(P) 


Duty cycle 




20 


25 


% 


tr 


Pulse nse time 


5 


10 


30 


JUS 


N(p) 


Number of pulse applied 


1 


4 


4 




Vcc(P) 


Supply voltage during programming 


4.9 


5 


5.1 


V 


Iqp 


Output applied current 






100 


mA 


VCCL(V) 


Low level supply voltage for check after programming 


4.4 


4.4 


4.5 


V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4730AP, S/P, S-l/P, S-2/M54731AP, S/P, S-l/P, $-2 

256-BIT (32-WORD BY 8-BIT) 
FIELD PROGRAMMABLE READ ONLY MEMORY 



PROGRAMMING TIMING DIAGRAM 



Vcc 



Ao~A4 



VcC(P) 
VCCL(V) 



V|H(P) 




Oi~08 



Check 



Note 5 Vq(P) is the wave form applied to the output during programming O1-O3 are the waveforms showing the output 
of the element itself 



PROGRAMMING METHOD 

The elements actually programmed are the fuses making up 
the 256 memory cells. When the memory cell is not pro- 
grammed, the output is logic high level (fuse closed). To put 
these at logic low level, the following steps are taken. 

(1 ) Apply VcciP) supply voltage (5V Typ) 

(2) Select the word to be programmed by using the address 
inputs A0-A4 (Input voltage: V|H(P) 5V Typ, V|l(P) OV 
Typ) 

(3) Put the chip enable input, E, at high level (V|H(P) 5V Typ) 
and put the output in the OFF state. 

(4) An output pulse Vqir) (2 1 V Typ) is applied to the output 
corresponding to the bit to be programmed. Vo{P) must 
be applied to each individual output; do not apply it to 
two or more outputs at the same time. 



(5) Put E at low level (Viyp) OV Typ) 

(6) Put the supply voltage at Vqcuv) (4.4V Typ) and check 
whether programming was completed or not. 

(7) If the test in step (6) is passed, repeat steps ( 1 ) through 
(6) for the next bit or word to be programmed. If the 
test in step (6) is not passed, repeat steps (1 ) through 
(6). If these steps are repeated four times and test 
results are not positive, the IC can be considered 
defective. 

For timing, refer to the programming timing diagrams. 
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M54740AP, S/P, S-l/P, S-2 
M54741AP, S/P, S-l/P, S-2 

4096-BIT(1024-WORD BY 4-BIT)FIELD PROGRAMMABLE READ ONLY MEMORY 



PIN CONFIGURATION (TOP VIEW) 



ADDRESS 
INPUTS 







in 


VcC 


As-d 






At 


A4-II 






A8 


A3--^[T 






A9 








Ol 


Ai — (T 








A2-H^|T 


CO CO 




03 






HI- 


04 


GND [T 









ADDRESS 
INPUTS 



CHIP 

ENABLE INPUTS 



Outline 18S1 (M54740AS, M54741AS) 
18P4 (M54740AP, M54741AP) 



DESCRIPTION 

The M54740AP,S (open collector output) and the 
M54741AP,S (three-state output) are field programmable 
ROM's with fuse links type 4096 bit (1 ,024 words x 4 bits) 
memories. 

FEATURES 

• Access time 

M54740AP, S-1/M54741AP, S-1 30ns (Max) 

M54740AP, S-2/M54741AP, S-2 35ns (Max) 

M54740AP, S/M54741AP, S 50ns (Max) 

• Unique built-in test circuits guarrantee high programm- 
ing yield as well as various performance characteristics 
after programming 

• Fuse technology is used 

• Memory capacity: 4,096 bits (1,024 words x 4 bits) 

• Output type: M54740AP,S (open collector output) 

M54741AP,S (three state output) 

• Output level before programming is high 

• Chip enable pin Ei, E2 provided for easy expansion of 
memory capacity 

• Input and output are TTL compatible 

• Package is 1 8-pin OIL ceramic or plastic 

APPLICATION 

General purpose, for use in industrial and consumer 
equipment 

SUMMARY OF OPERATION 

The unit consists of an address circuit, decoder circuit, 
memory circuit, output circuit, and a chip enable circuit. The 



BLOCK DIAGRAM 



memory cells are structured from fuses and diodes. Data can 
be programmed into the PROM by the user using a writer by 
cutting the fuses of the memory cells. Before programming 
the output level is high. After programming, the output level 
becomes low. 

The 4,096 bit memory is made up of 1 ,024 words with 4 
bits associated with each word. Through the address inputs 
(Ao ~ A9) one word out of the 1 ,024 is chosen and a 4-bit 
parallel output, Oi -04, is obtained. 

Input and output threshold voltages are the same as that 
for a TTL system and thus direct coupling can be made with 
TTL logic (M54740AP,S) or 3-state (M54741AP, S) so 
AND ties are possible. 



ADDRESS 
DECODER 


0 


1,024 WORDS X 4-BITS 
ROM 

(64 ROWS X 64 COLUMNS) 


63 




ADDRESS 

buffer! 




C 




c 


-15 


( 


-15 


c 


--15 






MULTI 
PLEXER 




MULTI 
PLEXER 




MULTI 
PLEXER 




MULTI 
PUEXER 





^Vcc 





DATA OUTPUTS ♦ OPEN COLLECTOR OUTPUT 
M54740AP, S 



DATA OUTPUTS 



M54741AP. S 
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M54740AP, S/P, S-l/P, S-2/M54741AP, S/P, S-l/P, S-2 



4096-BIT(1024-WORD BY 4-BIT|FiELD PROGRAMMABLE READ ONLY MEMORY 



When both of the chip enable inputs and E2 are at low 
level the output is enabled and the content of the memory 
selected by the address input appears as output. If either 
or E2 is at high level, the output is disabled and regardless of 
the address input, the output is "H" (open collector output) 
or high impedance (three-state output). 



READ-OUT FUNCTION TABLE (Note I) 



M54740AP,S Read-Out 
Funciton Table 



M54740AP,S Read-Out 
function Table 



"eT 


e7 


Oi~04 




eT 


E2 


O1-O4 


L 


L 


Wn 




L 


L 


Wn 


H 


L 


H 




H 


L 


Z 


L 


H 


H 




L 


H 


z 


H 


H 


H 




H 


H 


z 



Note 1 Wn The nnennory content programmed in Wn word appears 
as output 

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted) Z High impedance state 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.5- +7 


V 


V| 


Input voltage 




-0.5- +5.5 


V 


Vo 


Output voltage 


When output is high level 


-0.5- +5.5 


V 


Vop 


Applied output voltage 


During programming 


21 


V 


t w (p)/tc(p) 


Duty cycle 


25 


% 


Topr 


Operating temperature 




0- +75 


°c 


Tstg 


Storage temperature 




-65- + 150 


°c 



RECOMMENDED OPERATING CONDITIONS (Ta = 0~75°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.75 


5 


5 25 


V 


Iqh 


High level output current (M5474IAP/S) Voh^2 4V 


0 




-2 


mA 


'oh 


High level output current (M54740AP/S) Vo=5V 


0 




50 


//A 


lOL 


Low level output current Vql^O 45V 


0 




16 


mA 



ELECTRICAL CHARACTERISTICS (Ta = — 20~ + 75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ * 


Max 


VlH 


High level input voltage 




2 






V 


ViL 


Low level input voltage 








0.8 


V 


Vic 


Input clamp voltage 


Vcc = 4.75V, lic= - l8mA 






- 1.2 


V 


Vqh 


High level output voltage (M54741AP , S) 


Vcc = 4.75V, V| = 2V, V|=0.8V 
l0H= -2mA 


2.4 


3.1 




V 


'oh 


High level output current (M54740AP, S) 


Vcc = 5.25V, V|=2V, V|=0.8V 
Vo=5V 






50 




Vol 


Low level output voltage 


Vcc = 4.75V, V|=2V, V|=0.8V, 
l0L= 16mA 




0.3 


0.45 


V 


loZH 


Off-state high level output current (M54741AP, S) 


Vcc = 5.25V, V|=0.8V, 
V| = 2V, Vo = 2.4V 






50 


//A 


•OZL 


Off-state low level output current (M54741AP , S) 


Vcc = 5.25V, V| = 0.8V, 
V|=2V, Vo = 0.4V 






-50 


UA 


llH 


High level input current 


Vcc=5.25V, V| = 2.4V 






40 


/uA 


IlL 


Low level input current 


Vcc=5.25V, V|=0.4V 




- 160 


-250 


/uA 


los 


Output short-circuit current (M54741AP, S )(Note 2) 


Vcc = 5.25V, Vo = OV 


-15 




-100 


mA 


'cc 


Supply current (Note 3) 


Vcc = 5.25V, V|=OV 




120 


170 


mA 


C|N 


Input capacitance 


Vcc = 5V, V|=2V, f=1MHz 




4 




PF 


Gout 


Output capacitance 


Vcc=5V, Vo = 2V, f=1MHz 




7 




PF 



* : A typical value at Ta=25°C 

Note 2 All measurements should be done quickly and not more than c 
output should be shorted at a time 
3 Ice IS measured with all inputs at GND 
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SWITCHING CHARACTERISTICS (Vcc = 5V±5%, Ta = 0~75°C, unless otherwise noted) (Note 4) 



Symbol 


Parameter 


Limits 


Unit 


M54740AP, S-1 
M54741AP, S-1 


M54740AP, S-2 
M54741AP, S-2 


M54740AP, S 
M54741AP, S 


Mm 


Typ 


Max 


Mm 


Typ 


Max 


Mm 


Typ 


Max 


ta(A) 


Address access time 




25 


30 




25 


35 




25 


50 


ns 


ta(E) 


Chip enable access time 




15 


25 




15 


25 




15 


25 


ns 


t CD (E) 


Chip disable time 




15 


25 




15 


25 




15 


25 


ns 



Note 4 Test Circuit 



INPUT 



Vcc 



PG 



: 50S2 



Vcc OUTPUT 
0 9 



zrsopF 

600Q 



1 PG characteristics tr = 6ns, tf = 6ns, PRR = 1MHz, 

tpw = 500ns, Vp = 3Vp.p, Zq = 5012 

2 The electrostatic capacitance of the load includes probe and 
Jig capacitance 



TIMING DIAGRAMS (Reference voltage = 1 5V) 



Ao~ Ag ^ 

Oi~04 

NORMAL PHASE 


ta(A) 


■ '> 






Oi~04 

OUT OF PHASE 


\ 

^ta(Arp 



V VoH 

^ta(Ar k 



Vol 
VoH 



Vol 



El OR E2 



E2 OR El ^ 


k A 




Oi~04 




tCD(E) 





ov 

3V 



OV 

VoH 



Vol 



RECOMMENDED OPERATING CONDITIONS FOR PROGRAMMING (Ta=25°c unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


V|H(P) 


High level input voltage 


2 4 


5 


5 


V 


V|L(P) 


Low level input voltage 


0 


0 


0.4 


V 


Vo(P) 


Applied output voltage 


20 


21 


21 


V 


tw(P) 


Applied pulse width 


0.05 


0 18 


50 


ms 


t V\/(P)/tc(P) 


Duty Cycle 




20 


25 


% 


tr 


Pulse rise time 


5 


10 


30 


fjS 


N(P) 


Number of pulse applied 


1 


4 


4 




VCC(P) 


Supply voltage dunng programming 


4.9 


5 


■ 5.1 


V 


Iqp 


Applied output current 






100 


mA 


Vccl(v) 


Low level supply voltage for check after programmi 


ng 4.4 


4.4 


4.5 


V 
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M54740AP, S/P, S-l/P, S.2/M54741AP, S/P, S-l/P, S-2 

4096-BIT(1024.W0RD BY 4-BIT)FIELD PROGRAMMABLE READ ONLY MEMORY 



PROGRAMMING TIMING DIAGRAM 



Vcc 



Vcc(p) 

VCCL(V) 



V|H(P) 



Ao~ Ag 



Vo(P) 
(Oi~04) 



Oi~04 




CHECK 



Note 5 Vqip) is the waveform applied to the output during programming 

Oi -04 are the waveforms showing the output of the element itself 

6 E IS the waveform for either E-| or E2, the other being taken as 



PROGRAMMING METHOD 

The elements actually programmed are the fuses making up 
the 4,096 memory cells. When the memory cell is not pro- 
grammed, the output is logic high level (fuse closed). To put 
these at logic low level (fuse open), the following steps are 
taken. 

(1) Apply 

Vcc{P) supply voltage (5V Typ) 

(2) Select the word to be programmed by using the ad- 
dress inputs A0-A9 (Input voltage: V|H(P) 5V Typ, 
V|L(P) 5V Typ). 

(3) Put at least one of the enable inputs Ei, E2 at "H" 
(V|H(p) OV Typ) and put the output in the OFF state. 

(4) An output pulse Vo(P) (2 1 V Typ) is applied to the out- 
put corresponding to the bit to be programmed. Vqir) 
must be applied to each individual output, do not apply 
it to two or more outputs at same time. 



(5) Put both El and E2 to "L" (V|l{p) OV Typ). 

(6) Put the supply voltage at Vqclip) (4.4V Typ) and 
check whether programming was completed or not. 

(7) If the test in step (6) is passed, repeat steps (1) 
through (6) for the next bit or word to be pro- 
grammed. If the test in step (6) is not passed, repeat 
steps (1 ) through (6). If these steps are repeated four 
times and test results are not positive, the IC can be 
considered defective. For timing, refer to the pro- 
gramming timing diagrams. 
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DESCRIPTION 

The M54801P is an I^L semiconductor integrated circuit 
consisting of an FM diversity receiver controller developed 
especially for car radios. 

FEATURES 

• Compares the reception of two antennas and selects 
the better one 

• Employs the tuner S meter signal voltage as the input 

• Wide supply voltage range (4. 5~8. 5V) 

• Low operating supply current range (lcc=10fTiA, Vcc= 
7. 5V) 

APPLICATION 

Car radios 

FUNCTION 

The M54801P provides the following functions. 

(1 ) Compares the reception of two antennas (main and sub 
antennas) at 7 ms intervals and selects the better of the 
two. 

(2) Uses only the main antenna when the signal level at 
both antennas is weak. 



PIN CONFIGURATION (TOP VIEW) 



Vrc CL 
LOW PASS =: 
FILTER LPF H 
COMPARATOR p- 
INPUT(-) CIN-*[T 
COMPARATOR np _^ IT 
INPUT ( + ) t.lP-*Ll. 
BUFFER OUTPUTBOU ^ [£ 
BUFFER „.„ rr 
INPUT ( + ) BIP-*li 

AMP OUTPUT AOU-^EI 
INPUT (-) AIN — E 
INPUT (+) AIP-*[T 

nljpur^^ MPS-E 
GND ITT 




SHS S&H FOR 8 
Awo AVERAGEING 
'^^^ FOR 8 
SHMS&H FOR M 

Awiui AVERAGEING 
'^^^ FOR M 
FXM FIXED MAIN 

- OUS OUTPUT 8 
► OUMOUTPUT M 

- TSL TIMING SELECT 
OS! OSCILLATOR 
OSR OSCILLATOR 

►MIK 10 



Outline 22P4 



(3) Uses the current antenna as long as the received signal 
is strong. 

(4) Uses the S meter signal voltage of the tuner as the in- 
put signal, and outputs two antenna switching signals. 
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OPERATION (See block diagram) 

(1) Op-amp (AMP) 

Amplifies the S meter signal voltage. Amplifier output vol- 
tage Vaou increases when the received signal is weak and 
decreases when the received signal is strong. 

(2) Main antenna sample-and-hold circuit (SW3-^VF7 ) 
Holds the received signal of main antenna in analog vol- 
tage by a capacitor. Sample is held at every 7 ms, and the 
previous received signal which was sampled 7 ms before 
is also held in a separate capacitor, and whichever higher 
voltage is output as the received signal of the main 
antenna. 

(3) Subantenna sample-and-hold circuit (SW4 -►VF4 ) 
Same as (2) except that the subantenna is monitored. 

PIN DESCRIPTION 



(4) Level comparator (CMP 2 ) 

Compares the outputs of the sample-and-hold circuits for 
the main and subantennas, and outputs the result to the 
MAIN/SUB switching circuit. If the received signals from 
both antennas are weak, the main antenna is used. 

(5) Strong signal hold circuit ( VF 2 -►CMP 1 ) 

When the received signal is comparatively strong, no 
antenna switching takes place and the current antenna is 
used. If excessive multipath reception is detected, howev- 
er, switching can take place. 

(6) Timing generator 

All timing signals are generated by this circuit using 1 MHz 
reference clock. 

(7) OSC 

Oscillator circuit for a 1 MHz ceramic resonator. 



Pin number 


Symbol 


Description 


1 


Vcc 


Supply voltage 


2 


LPF 


Low pass filter capacitor pin 


3 


CIN 


Inverted input of comparator CMP 1 


4 


CIP 


Noninverted input of comparator CMP 1 


5 


BOU 


Output of voltage follower VF 1 


6 


BIP 


Input of voltage follower VF 1 


7 


AOU 


Output of op-amp AMP 


8 


AIN 


Inverted input of op-amp AMP 


9 


AlP 


Noninverted input of op-amp AMP 


10 


MPS 


Multipass direct input 


11 


GND 


GND 


12 


MIK 


I/O pin for testing Leave open This pin is not normally used 


13 


OSR 


Ceramic resonator for oscillator OSC pin 


14 


OSI 


Ceramic resonator for oscillator OSC pm 


15 


TSL 


Timing selector input 


16 


GUM 


MAIN antenna selector output 


17 


OUS 


SUB antenna selector output. Inverted GUM signal 


18 


' FXM 


MAIN selector level setting pin 


19 


AVM 


MAIN averaging capacitor pin 


20 


SHM 


MAIN sample-and-liold capacitor pin 


21 


AVS 


SUB averaging capacitor pin 


22 


SHS 


SUB sample-and-hold capacitor pin 
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TIMING DIAGRAM 



* 1 , * 2 : The timing during this period is shown 
in broken lines when TSL is high. 



* 3 : The timing during this period is shown 
in broken lines when sIm is low. 



Used 
for 
testing 



OS! - 
MIKi • 
MIKo . 



pc 



vFa-e 

Power control 
sc 1 

sc2 

sc3 

sc5 

sc4 



Switch 
control 



M/S 
selection 
pulse 

MAIN 
select 

Multipass 
input 



sc6 
sc 7 
sc8 

jdg , 

Sim 

MPS " 



MAIN p,,,., - 
output 



SUB 
output 



OUS 





m / ms 




. * 2 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20'-+80C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 






-0. 5 — 1-8. 5 


V 


V,N 


Input voltage 


Except MPS 




-0. 5~Vcc+0. 5 


V 


l|N 


Input current 






-5—1-5 


mA 


VoUT 


Output voltage 






-0. 5~Vcc-f 0. 5 


V 


'out 


Output current 






-15—1-15 


mA 


Topr 


Operating temperature 






-20— h80 


°C 


Tstg 


Storage temperature 






—55 — hi 25 


"C 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+80C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 






4.5 


7.0 


7.5 


V 


V, 


Input voltage 


AlP, AIN 




0 




Vcc-2.0 


V 




Input current 


MPS 




-0.5 




1 


nnA 


V,H 


High-level input voltage 


TSL 




2.0 




Vcc 


V 


V,L 


Low-level input voltage 


TSL 




0 




0.4 


V 


Vo 


Output voltage 


AOU 




0.4 




Vcc-1.4 


V 


'oh 


High-level output current 


OUS, OUM 




-10 




0 


mA 


loL 


Low-level output current 


OUS, OUM 




0 




10 


mA 


fos 


Oscillation frequency 


OSI, OSR 




0.9 


1.0 


1.1 


MHz 




Ceramic resonator 


OSI, OSR 


Typ name is 
CSB100K 




1 




MHz 


Coi 


External capacitor 


OSI 




61 


68 


75 


PF 




External capacitor 


OSR 




29 


33 


37 


PF 


Csi. Cmi 


External capacitor 


SHS. SHM 




290 


330 


370 


pF 


Csi. Cmi 


External capacitor 


AVS, AVM 




290 


330 


370 


pF 
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ELECTRICAL CHARACTERISTICS (Vcc=7.0v,Ta=25°C. umess otherwise noted) 



Symbol 


Parameter 


Test conditions 


Test 
circuit 


Limits 


Unit 


Min 


Typ* 


Max 


Ice 


Supply current 




Vx=3. OV, Ice • 

Average current flowing at Vcc pin 


1 




30 


40 


mA 


RiP 


Input resistance 


MPS 


Vfio=6. 7V 

H|p— U. iyj \ Imio I 


2 


15 


20 


25 


kn 


Vtmp 


Threshold voltage 


MPS 


TIM : D, OUT : -, CLK : 4 

Vs21 — V22 — U. *tV, Vsl9— V20— -J. UV, 

Vtmp : Vsmo when Vmi2=5V 


2 


6.2 




6.7 


V 


l|A 


Input current 


AIN 


Vs9=3. OV, Vf8=0. 4V 
Iia~Im8 


2 


-0.8 




-0.1 


/iA 


VoFA 


I/O offset voltage 


AMP 


Vs9=3.0V, lF7A=1.5mA, AMP : Vpi 
If7b— U. 5mA, VoFA— Vm7— Vs9 


2 


-10 




10 


mV 


GvA 


Voltage gain 


AMP 


S2 : ON, S3 : OFF. Vs8A=2,990V 
Vs8B=3.010V, lF7-0mA 

LavA— Vm7A Vm7B;/U. U/iV 


2 


95 


100 


105 


V/V 


R|A 


Forward resistance 


BIP 


Vs9=3. OV, Vf6=0. 4V, amp : Vfi 

D 0 K\// 1 1 . 1 

niA — ^. DV/ 1 Im6 I 


2 


76 


100 


124 


kfl 


Rib 


Reverse resistance 


BIP 


Vs9=3. OV, Vf6=5. 6V, amp : Vfi 
R,B=2. 0V/(Im=6-^^) 


2 


76 


100 


124 


kn 


l|B 


Input current 


BIP 


Vs9=0. 4V, amp : Vfi 

I|B=(Vm6-Vm7)/R,A 


2 


-0. 15 








VOFB 


I/O offset voltage 


VF 2 


Vs6=3. OV, If52A=0. 5mA 
If5b — omA 
Vofb=Vm5~Vs6 


c. 


-80 




80 


mV 


Vdic 


Diode forward voltage 


DIG 


Vs9 — 0. UV, Vs4 — U. *tV, If3 lU/^A 

Vdic=Vs9— Vm3 


2 


0.4 




0.6 


V 


lie 


Input current 


GIN 


Vs9 — U. *>V, Vf3 — U. 

Short between P3 and P4 (S4 is ON) 
Iic^'ms 


2 


—0. 3 






/^A 


VoFC 


Input offset voltage 


CMPl 


TIM : D, OUT : S, GLK : 24 
Vs3=3.00V, Ifi7=0/^A 
wnen vs4a — ^. yyv, v^uvov ana 
when Vs4B=3.01V, Vmi7>3V 


2 


-10 




10 


mV 


RiF 


Parallel resistance 


LPF 


Vs9=3. OV, Vf2=0. 4V 

H|F— A DV/ 1 Im2 I 


2 


9 


12 


15 


kn 


Ils 


Leakage current 


SHS, AVS 
SHM, AVM 


TIM : A, n=22.21,20,19 
VFn=3.0V, lLs=lMn 


2 


-0.1 




0.1 


//A 


liv 


Input current 


SHS, AVS 
SHM, AVM 


TIM * n n — 99 91 9n 1Q 

iiivi • u, n — \3 
VFn=0.4V, l|v=lMn 


2 


-0.15 






/iA 


Vdis 


Diode forward voltage 


DIS 


TIM : D, OUT : S, GLK : 22 

Vs2 — "Jv, If22 lU/^A 

Vdis=Vs2— Vm22 


c. 


0.4 




0.6 


V 


Vdim 


Diode forward voltage 


DIM 


TIM : D, OUT : M, CLK : 22 
\/32= 3 V, ' 1 f20= ~" 1 Oa< A 
Vdim=Vs2— Vm20 


2 


0.4 




0.6 


V 


VsWE 


Switch on voltage 


SW 2 , 4 , 6 


TIM : D, OUT : S, GLK : 20 
Vs9=3V, Vs2=3V, If22a=0. 5mA 

If22b=~"0, 5mA, VswE=Vm22~"Vs2 


2 


0.1 




0.1 


V 


Vswo 


Switch on voltage 


SW 1 , 3 , 5 


TIM : D, OUT : S, GLK : 40 
Vs9=3V, Vs2=3V, If2oa=0. 5mA 
If20b='~0. 5mA, Vswo=Vm20"~Vs9 


2 


-0. 1 




0. 1 


V 


Vqns 


Switch on voltage 


SW 7 , SW 8 


TIM : D, OUT : -, GLK : 48, n=21, 19 
Vs22=Vs2o=3. OV, lFnA=0.5mA 
lFnB=-0.5mA, VoNS=VMn-Vs22 


2 


-0.15 




0. 15 


V 



Continue to next page 
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ELECTRICAL CHARACTERISTICS (Vcc=7.0V. Ta=25r. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Test 
circuit 


Limits 


Unit 


Min 


Typ* 


Max 


Rix 


Output resistance 


FXM 


TIM : D, OUT : S, CLK : 4 

Vs22=Vs21=Vs20=0. 4\/, Vsi9=3V 

Ifi8a=-100;uA, Ifi8b=-200/^A 
Rix=(Vi8a-Vmi8b)/100//A 


2 


1.1 


1.5 


1.9 


kn 


VoFX 


Output voltage 


FXM 


TIM : D, OUT : S, CLK 4 

Vs22=V21=Vs20=0. 4V, Vsi9=3V 
Ifi8= — lO^A, VofX=Vm18 


2 


2.2 




2.6 


V 


Vtp 


Positive threshold voltage 


CM 2 


TIM : D, OUT : S, CLK : 4 
Vs22=Vs2o=0. 4V, Vs2i=3. OOV 
Vsio=5V 

Vtp • Vtp is the value of Vsi9 when 

Vsi9 is gradually increased until Vmi2<5V 


2 


3.05 




3. 20 


V 


Vtn 


Negative threshold voltage 


CM 2 


Same as the test conditions for Vtp. 

Vtn • Vtn is the value of Vsig when Vsig is 

gradually decreased until Vmi2>5V 


2 


2. 85 




3. 00 


V 


Vtw 


Hysteresis width 


CM 2 


Vtw=Vtp-Vtn 


2 


0. 12 


0. 18 


0. 24 


V 


VoH 


High-level output voltage 


OUS, OUM 


TIM : A,17, 16 

Measured when each output is high. 
lFn=-10mA, VoL=VMn 


2 


5.8 


6. 1 




V 


Vol 


Low-level output voltage 


OUS, OUM 


TIM : A.n=17, 16 

Measured when each output is low. 
lFn=10mA, VoL=VMn 


2 




0.2 


0.3 


V 


'its 


High-level input current 


TSL 


TIM I A 

Vf15=7V. Iits=Imi5 


2 


0. 48 


0. 62 


0. 84 


mA 


Vsol 


High-level input current 


OSI 


Ceramic resonator : 1 MHz 
Coi=68pF, Co2=33pF 
Test probe 1 lOMfl, 12pF 


1 


0.3 


0.4 


0.6 


Vpp 


VoSR 


Oscillation voltage 


OSR 


Same as test conditions for Vqsi 


1 


0.7 


1.1 


1.5 


Vpp 


fosc 


Oscillation frequency 


OSC 


Ceramic resonator '. 1 MHz 
Coi=68pF, Co2=33pF Insert a resistor of 
lOkQ between MIK and Vcc and measure 
the output frequency fMiK of MIK. 
fosc~700fMiK 


1 


0. 98 


1 


1.02 


MHz 



* : Typical values are at Ta=25°C 
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Testing Notes 



Note 1 '. Vsn • Applied voltage at pin n 

Vpn • Appliecl voltage for current measurement at pin n 
Ipn • Applied voltage for voltage measurement at pin n 
Vmfi • Measured voltage at pin n 
l^n • Measured current at pin n 

Vfi ' Switch S 1 is turned on and AMP is operated as a voltage follower. 



Note 2 : Testing of some items requires that the internal IC logic be set in specific state. In this case, the state of timing TIM, output OUT and clock 
CLK signals must be specified. 



MPS 



CLK 




_^ When MIK is low, output states of OUS and OUM 
are inverted by a negative pulse at MPS. 



• For each signal, ViH=open, V,u=OV 



• TIM : A~E 

• OUT : S (Output OUS is set high) 

M (Output OUM is set high) 

• CLK : m 



TEST CIRCUIT (Test circuit 1 is shown as an application example.) 



vcc 



P2 o- 



P3 o 
P4 o 
P5 o U 



P6 

P7 o 



HI 



P9 



PlOo- 



20K 
MPS 



Vcc 


SHS 


22] 


LPF 


AVS 


13 ' 


CIN 


SHM 


20j ' 


CIP 


AVM 


iH ' 


BOU 


FXM 


jD , 


BIP 


OUS 


m < 


AOU 


OUM 


jU < 


AIN 


TSL 


ju < 


AlP 


OS! 


JiF 




MPS 


OSR 












M K 


GND 


MIK 


ilH 


1 — ( 



-OP22 



-OP21 



-OP20 



-OP19 



-^P18 



-OP16 



o-^vw — 

A „ 

CLK MIK 



-OP15 



-^P12 



10K 
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DESCRIPTION 

The M54811P is an I^L semiconductor integrated circuit 
consisting of a two-digit decimal counter. 

FEATURES 

• Two-digit decimal counter 

• Seven-segment LED display of count data 

• Count start/stop control 

• Digit expansion capability 

• TTL compatible I/O 

APPLICATION 

Digital timer and general use in digital equipment. 
FUNCTION 

The M54811P consits of an internal-control flip flop, two- 
digit decimal counter, a seven-segment decoder, a driver, 
a latch, and a comparator, and is intended for digital timer 
applications. 

The control flip flop is used to control the count ; the count 
is enabled when the flip flop is set by input Sj, and dis- 
abled when the flip flop is reset by input Sp. The "1" output 
state of this flip flop is indicated by the high Cl output. 
While the count is enabled, the count is advanced by input 
Cu- Output Ca is a carry signal used to expand the number 
of counter digits. If is connected to the input Cy of the next 
stage counter. 

The comparator compares the count (the contents of 
counter) against the program data loaded into the latch. If 
they match, the output Eq changes to high. 



PIN CONFIGURATION (TOP VIEW) 



STOP INPUT 

START INPUT 

LOAD INPUT 

SCAN INPUT 

EQUAL INPUT 

PROGRAM 
DATA INPUT 

DIGIT OUTPUT 



SEGMENT 
OUTPUT 




VCC 

Cu COUNT INPUT 

Ca carry output 

Ws RESET INPUT 

Cl 



CONTROL 
OUTPUT 



(PROGRAM 
DATA INPUT 



SEGMENT 
OUTPUT 



Outline 24P4 



The program data applied at Pa— Pd is loaded into the latch 
when Ld is set low. The state of Sn determines which digit 
is set. 

Each digit of the count is output at Sa — allowing dyna- 
mic display on seven-segment LEDs by the multiplexer and 
segment decoder driver. 

The scan/load controller loads the program data Pa— Pd to 
the latch and switches digits of multiplexer. It has outputs 
□l and Du to switch the digits of program and count data. 



BLOCK DIAGRAM 



START INPUT St (J 



STOP INPUT Sp ( 



RESETINPUT Rs 



COUNT INPUT Cu@ 



LOAD INPUT Ld K> 



SCAN INPUT Sn Ci> 




CONTROL OUTPUT 

Cl Vcc GND 




SEGMENT OUTPUT 




7-SEGMENT _ 
€R DRIVErt 



DECODI 



MULTIPLEXER 



2-DIGIT DECADE 
COUNTER 



COMPARATOR 



2-DIGIT LATCH 



S : SCHMITT TRIGGER INPUT 
N : NORMAL THRESHOLD INPUT (DTL TYPE) 
H : HIGH THRESHOLD INPUT 
C : OPEN-COLLECTOR OUTPUT 
R : RESISTANCE PULL-UP OUTPUT 



Pa Pb Pc Pd 
PROGRAM DATA INPUT 



Ca CARRY OUTPUT 



Eq equal output 
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PIN NUMBER/FUNCTION 



Symbol 


Name 


I/O 


Function 


St 


Start 


Input 


The control flip flop is set and count enable when St is set high. 


Sp 


Stop 


Input 


The control flip flop is reset and count disable when Sp is set high This signal overndes St. 


Rs 


Reset 


Input 


The control flip flop and counter are reset when Rs is set low. But this does not affect the latch contents. 




Control 


Output 


This control output from external circuits corresponds to the "1" output of the control flip flop The count is enable 
while this output is high 




Count 


Input 


The count advances when the input changes from high to low with the count enabled 




Segment 


Output 


The seven-segment drive output to display the counter contents When the ones-digit is selected by input Sn, the 
ones-digit drive signal is output , when the tens-digit is selected, the tens-digit drive signal is output. Low active 
output 


Ca 


Carry 


Output 


Carry output. When the number of digits is expanded, this output is connected to the input Cu ofthe next stage 
counter. 




Program data 


Input 


Data input for comparing with the counter contents. When the ones-digit is selected by the input Sn, the ones-digit 
latch-data is input ; when the tens-digit is selected, the tens-digit latch-data is input. Low active BCD input. 




Load 


Input 


Program data Pa— Pd are loaded to the ones or tens digit in accordance with the state of the Sn input when Ld is set 
low. 


Eq 


Equal 


Output 


The comparator compares the counter contents to the data loaded into the latch If they match, Eq becomes high. The 
comparator does not function while data is loaded 


Sn 


Scan 


Input 


Digit selection signal The ones-digit is selected when Sn is high, the tens-digit is selected when Sn is low. To set 
both digits, Sn should be set both high and low at least once while Ld is low. 




Digit 


Output 


Output Dl becomes low when the ones-digit is selected by SN ; output Du becomes low when the tens-digit is 
selected These signals are used for dynamic seven-segment display of the counter contents, and for digit synchro- 
nization switching when the program data is loaded. 



OPERATING TIMING DIAGRAM 



Ld J 



1 Sp 
2 
3 

4 Sn 

5 Eq 

6 Pa 

7 P"b 

8 DL 

9 D"u 

10 S"f 

11 S"g 
12GND 

13 Sa 

14 Sb 

15 Sc 

16 sb 

17 si 

18 Pc 

19 Pb 

20 Cl 

21 R"s 

22 Oa 

24 Vcc 




IJl- 1J1J1J1. IJIJIJT IJTJ^^ 



COUNT DATA 0 



23456789 10 



15 



85 



90 



95 



Remark : In this case, the preset value is 69 

Note The signal state is shown by solid lines when Sn is high, and by broken lines when Sn is low Signals (or time intervals) unrelated to the state of 
Sn are shown by solid lines only abbreviated sections are shown by broken lines. 
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ABSOLUTE MAXIMUM RATINGS (Ta=0~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




6.5 


V 


V, 


Input voltage 




6 


V 


Vo 


Output voltage 


Output high 


Vcc 


V 


Pd 


Power dissipation 




600 


mW 


Topr 


Operating temperature 




0~+75 


°C 


Tstg 


Storage temperature 




-55~+125 





RECOMMENDED OPERATING CONDITIONS (Ta=0~+70r . unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


IVlax 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V,H 


High-level input voltage (except inputs Pa— Pd) 


2.2 






V 


V,H 


High-level input voltage (inputs Pa— Pd) 


2.8 






V 


V,L 


Low-level input voltage (except inputs Pa— Pd) 






0.6 


V 


V,L 


Low-level input voltage (inputs Pa— Po) 






1.4 


V 


loL 


Low-level output current (outputs Cl, Ca) 






16 


mA 


loL 


Low-level output current (except outputs Cl, Ca) 






20 


mA 


fc 


Count frequency (input Cu) 






1 


MHz 


fs 


Scan frequency (input SN) 






1 


kHz 


topr 


Operating pulse width (inputs Sj, Sp, L^, R^) 


500 






ns 



ELECTRICAL CHARACTERISTICS (Ta=0~+75C unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


'cc 


Supply current 


Vcc=5. 5V 






91 


mA 


l|L 


Low-level input current 


Vcc=5.5V 






-1.6 


mA 


I.H 


High-level Input current (except inputs Pa— Pd) 


Vcc=5. 5V, V|=2. 4V 






80 


uA 


l|H 


High-level input current (inputs Pa— Pd) 


Vcc=5. 5V, V|=3V 






80 


mA 


'iH 


High-level Input current (except inputs Pa— Po) 


Vcc=5. 5V, V|=4. 5V 






120 


juA 


Vt+ 


Positive threshold voltage (inputs St, Sn, Cu) 


Vcc=5V 


1.4 




2.2 


V 


Vt- 


Negative threshold voltage (inputs St, Sn, Cu) 


Vcc=5V 


0.6 




1.2 


V 


VoH 


High-level output voltage (outputs Cl, Ca) 


Vcc=4.5V, loH=-400/^A 


3 






V 


'oh 


High-level output current (except outputs Cl, Ca) 


Vcc=4. 5V, Vo=6. 5V 






250 


mA 


Vol 


Low-level output voltage (outputs Cl, Ca) 


Vcc=4.5V, loL=16mA 






0.5 


V 


Vol 


Low-level output voltage (except Cl, Ca) 


Vcc=4. 5V, loL=20mA 






0.5 


V 


'os 


Output short circuit current (outputs Cl, Ca) 


Vcc=5. 5V, Vo=OV 


-2.1 




-3.7 


mA 
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PRESETTABLE TIMER/COUNTER WITH SEVEN SEGMENT LED DRIVER 



APPLICATION EXAMPLE 

4-DIGIT DIGITAL TIMER (0-9999 MINUTES) 



Vcc 



RESET 
SWITCH 



START T 
SWITCH Tfr 



Vcc- 



Vcc" 



LOAD 
SWITCH 



Vcc 



Vcc 






mi 



L 102 



PROGRAM 
SWITCH 





v.v. v.yy.y.v.y 



f> \6 \0 x6 



U IQi 



10° 



; CONTROL OUTPUT 
(EXAMPLE : 
SOLENOID DRIVER) 




Vcc- 



T 

i 



AC 100V 
60Hz 



A MITSUBISHI 
ELECTRIC 



2-403 



MITSUBISHI BIPOLAR DIGITAL ICs 

IVI54812L 

1/4, 1/8, 1/32 DIVIDER/OSCILLATOR 



DESCRIPTION 

The M54812L is an semiconductor integrated circuit 
consisting of a quartz oscillator circuit and 1/32 divider 
circuit. 



) = 4MHz 



FEATURES 

• Built-in quartz oscillator circuit 

• Maximum operating frequency (fmax 

• Open collector TIL outputs 

• Three divider outputs (1/4, 1/8, 1/32) 

• Low operating voltage (Vcc = 2.3 ~ 5.5V) 

• Lower power consumption (Vqc ~ 5.5V, Ice ' 



6mA) 



APPLICATION 

General commercial equipment, for generating reference 
frequencies and for synchronization and frequency divid- 
ing. 

FUNCTION 

The M54812L is designed as a reference frequency genera- 
tor, and the oscillator circuit uses a quartz element that can 
be used at frequencies up to 4MHz, and there is a built-in 
frequency divider. 

Three outputs are provided; 1/4, 1/8 and 1/32 of the 
oscillator frequency and the open-collector configuration 
ensures sink current of 1.6mA. The enable input (E) is 
provided specifically for radio reception applications as a 
crystal frequency-marker generator using the 1/8 output, so 
that the 1/32 output can be disabled. If the E input is open, 
the 1/32 output is held at either low- or high-level. If the 
1/32 output is to be used, then the E input must be low. 



PIN CONFIGURATION (TOP VIEW) 




Vcc |T 






GENERATOR 
OUTIfUT 


XtalOUT-^IT 






GENERATOR 
INPUT 


XtalIN — |T 






OUTPUTS 


GND [T 
Oi(1/4)*-^[5 
02(1/8)^[r 
03(1/32)<^[7 


M54812L 




ENABLE 
INPUT 












* : Open collector output 




Outline 8P5 





BLOCK DIAGRAM 

Vcc GND 

® (Z>- 



ENABLE INPUT 
E 



OSCILLATOR 
CIRCUIT 



1/4 
DIVIDER 



1/2 
DIVIDER 



OUTPUT 
CIRCUIT 



<^ & 



1/2 
DIVIDER 



1/2 
DIVIDER 



OUTPUT 
CIRCUIT 



OUTPUT 
CIRCUIT 



XtaJN XtalOUT 
GENERATOR GENERATOR 
INPUT OUTPUT 



—(s) {s) ^t; 

Oi(1/4) 02(1/8) 03(1/32) 
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1/4, 1/8, 1/32 DIVIDER/OSCILLATOR 



TIMING DIAGRAM 



Oi (1/4) OUTPUT 



02( 1/8)0UTPUT 



03( 1/32) OUTPUT 



ABSOLUTE MAXIMUM RATINGS (Ta= -10~+60 C unlessotherwse noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.5~ -1-6.5 


V 


Vi 


Input current 


Pin 8 


-0.5- +6.5 


V 


Vo 


Output voltage 


Pins 5, 6, 7 (with high-level output) 


6.5 


V 


Topr 


Operating temperature 




-l0~+60 


1C 


Tstg 


Storage temperature 




-55- +125 





RECOMMENDED OPERATING CONDITIONS (Ta=-10-+60C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


2.3 


3.5 


5.5 


V 


lOL 


Low-level output current 






1 .6 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -10~+60i:. unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


IlL 


Low-level input current (E input) 


Vcc = 5.5V, ViL = 0.2V 






-0.3 


mA 


Vol 


Low-level output voltage (Oi — O3 outputs) 


Vcc = 2.3V, loL = 1 .6mA 






0.4 


V 


Iqh 


High-level output current ( Q-, ~ O3 outputs) 


Vcc = 2.3V VoH = 5.5V 






100 


/iA 


Ice 


Circuit current 


Vcc = 5.5V, XtalOUT=0V 




6 


10 


mA 


f max 


Maximum operating frequency 




4 






MHz 



* : A typical value is at Ta=25°C 

APPLICATION EXAMPLES 
1. Quartz- crystal oscillator circuit 



2. Divider circuit 



t 



2.3- 4.8V 



ISOpF 
220pf4= 



220 Q 3 



II mi 2 

-^47pF 





1 




:4kQ 


Vcc n 
XtaJN ^1 
M54812L O2 

XtalOUT q 
GND E 


5 1 






6 






7 







I 



INPUT 3 

SIGNAL^ 



Vcc 


O1 


XtaJN 




M54812L 


O2 


XtalOUT 


O3 


GND E 



4kQ^ 
5 1 



4k Q 



jir At *Vih^1.5V, V,l^ 



Quartz-crystal oscillator specifications, Effective resistance below 1 0OQ max 
Load capacitance 32pF 
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1/4, 1/16, 1/32 DIVIDER/OSCILLATOR 



DESCRIPTION 

The M54813L is a semiconductor integrated circuit using 
P L technology, consisting of a quartz oscillator circuit and 
1/32 divider circuit. 

FEATURES 

• Built-in quartz oscillator 

• Maximunf operating frequency, {fmax)^4MHz 

• Open collector TTL outputs 

• Three divided outputs (1/4, 1/16, 1/32) 

• Low supply voltage (Vcc = 2.3 ~ 5.5V) 

• Low power consumption (Vgc = 5.5V, Ice = 6mA) 

APPLICATION 

General consumer electronics, reference frequency genera- 
tors, dividers. 

FUNCTION 

The M54813L is designed for use as a reference frequency 
generator, operating up to a frequency of 4MHz and 
incorporating a 1/32 divider circuit. 

Three outputs are available, 1/4, 1/16, and 1/32 of the 
oscillator frequency. The outputs are open collector type 
capable of sinking 1.6mA each. For use of the 1/16 output 
in radio crystal marker generators, an enable input, E, used 
to disable the 1/32 output is provided. When the E input is 
left open, the 1/32 output is fixed at either high- or 
low-level. To use the 1/32 output, the E input is grounded. 



PIN CONFIGURATION (TOP VIEW) 



Vcc |T 

OSCILLATOR w^.niiT^-fT 
OUTPUT atALUU I L£ 

OSCILLATOR XtalIN-[T 
GND (T 

OUTPUTS 02(1/16)^[£ 

i 03(1/32) — [T 
* 

ENABLE INPUT E— ►[F 



00 

r 



* : Open collector output 

Outline 8P6 



BLOCK DIAGRAM 



03(1/32) 



OUTPUT 
CIRCUIT 



1/2 
DIVIDER 



02(1/16) 



OUTPUT 
CIRCUIT 



1/2 
DIVIDER 



Oi(1/4) 



OSCILLATOR OSCILLATOR 
OUTPUT INPUT 
XtalOUT XtaJN 



OUTPUT 
CIRCUIT 



1/2 
DIVIDER 



1/4 
DIVIDER 



ENABLE INPUT 



® & 



OSCILLATOR 
CIRCUIT 



<D — 



Vcc 
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1/4, 1/16, 1/32 DIVIDER/OSCILLATOR 



TIMING DIAGRAM 

Oi (1/4) OUTPUT 



02( 1/16)0UTPUT 



03( 1/32) OUTPUT 



ABSOLUTE MAXIMUM RATINGS (Ta= io — -l-eCC, unless otherwise noted) 



Synnbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.5-4-6.5 


V 


V| 


Input voltage 


Pin 8 


-0.5~-|-6.5 


V 


Vo 


Output voltage 


Pins 5, 6, 7 (with output high) 


6.5 


V 


Topr 


Operating temperature 




-10 — 4-60 


°C 


Tstg 


Storage temperature 




-55-4-125 


V 



RECOMMENDED OPERATING CONDITIONS (Ta--10 +60C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


2.3 


3.5 


5.5 


V 


lOL 


Low-level output current 






1 6 


mA 



ELECTRICAL CHARACTERISTICS (Ta= -10~+60 C unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


l|L 


Low-level input current (E input) 


Vcc = 5.5V, ViL = 0.2V 






-0.3 


mA 


Vol 


Low-level output voltage (Oi~03 output) 


Vcc = 2.3V, l0L = 1 .6mA 






0 4 


V 


Iqh . 


High-level output current (Oi~03 output) 


Vcc = 2.3V, VoH = 5.5V 






100 




Ice 


Circuit current 


Vcc = 5.5V, XtalOUT=0V 




6 


10 


mA 


^max 


Maximum operating frequency 




4 






MHz 



* A typical value is at Ta=25°C 

APPLICATION EXAMPLES 
1. Quartz oscillator circuit 



2. Divider circuit 



220pF: 



150pF 



220 Q -1 
— XtaJN 



HHDI-T^ 



2.3- 4.8V 
-e- 



Vqc 



M54813L 

XtalOUT 

GND E 



TT 



4kQ| 
5 1 



INPUT o . 3 

SIGNAL 

2 



Vcc 


Oi 


XtalIN 




M54813L 


02 


XtalOUT 


O3 


GND E 



4kQ| % |4kQ 
5 



^ ^ *V|H^15V, ViL^0.2^ 



Crystal specifications effective resistance 100Q, max. 

load capacitance 32pF 
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14-STAGE DIVIDER/OSCILLATOR 



PIN CONFIGURATION (TOP VIEW) 




OSCILLATOR , 

OUTPUT XtalOUT^[T 




14] Vcc 




OSCILLATOR XjAL IN-.>IT 
INPUT ^TALiiM L£_ 




13] NO 






Oi(1/22) ♦^[J 




12] R RESET INPUT 


OUTPUTS 


02(1/28) J^[T 


2 
00 
-A 


TT|^ 08(1/214) 






03(1/29) 

GND [T 


O) 


10]^ 07(1/213) 
06(1/212) 


OUTPUTS 


OUTPUT 


05(1/210) J^u 




8]^ 05(1/211) 










NC : No connection 
* : Open collector 




Outline 14P4 





DESCRIPTION 

The M54816P is an I^L semiconductor integrated circuit 
consisting of a 14-stages divider/oscillator designed for use 
as a general purpose divider circuit. It includes a quartz 
oscillator circuit and 14-stages of 1/2 divider circuits. 

FEATURES 

• Built-in quartz oscillator 

• Maximum operating frequency fmax = 4.2MHz 

• Open collector TTL outputs 

• Eight divided outputs of frequency 1/2'^ (N = 2, S, 9, 
10, 11, 12, 13, 14) 

In addition, the divided outputs of frequency 1/2"^ can 
be chosen with any N values in the range 2 to 22. 

• Reset function allows resetting of the N = 3 through 
14 dividers (12 stages) 

• Low power consumption (Ice 11mA for Vqq = 5.5V) 

APPLICATION 

General consumer equipment (reference frequency genera- 
tors, dividers) 

FUNCTION 

The M54816P is designed for use as a reference frequency 
oscillator. It operates at frequencies up to 4.2MHz using a 
crystal oscillator and consists of the oscillator circuit and 
14 stages of divider circuits. 

Anr internal regulated power supply provides good 
frequency stability with respect to power supply variations. 



Eight divided outputs are available for frequencies 1/2"^ 
(N = 2, 8, 9, 10, 11, 12, 13, and 14). The outputs are open 
collector and can sink up to 5mA each. 

A reset function is provided so that when reset input R 
is set to low-level, all outputs except the 1/2^ output are 
reset to high output level. Setting the reset R high, cancels 
the reset function. 



BLOCK DIAGRAM 



Vcc(l4> 



^'^'hb^T^S? XtalOUTC^ 



OSCILLATOR XjaJN 
INPUT 



OUTPUTS* 



RESET INPUT 

R 08 
® 



h 






0|- 
l-!Z 




<D 




-J (J 


) 


-'CL 




0 



(1/214) (1/213) 
O7 



x>t: 
















CO U 






LUCC 



Oe 

®- 



OUTPUT 




OUTPUT 




OUTPUT 


CIRCUIT 




CIRCUIT 




CIRCUIT 



^2 I H t2 



-2 




-2 




-2 




-2 




-2 











OUTPUT 
CIRCUIT 



OUTPUT 




OUTPUT 


CIRCUIT 




CIRCUIT 



02 



v (1/22) (1 / 28) (1/29) , 

OUTPUTS* 



-<!>- 



OUTPUTi ^7>n n/oinN 

CIRCUIT K7;O4(1/2i0) 



* : OPEN COLLECTOR 
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14-STAGE DIVIDER/OSCILLATOR 



ABSOLUTE MAXIMUM RATINGS (Ta=-10~+60TC, umews otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.3~+6.5 


V 


V| 


Input voltage 


R reset input 




-0.3-4-6.5 


V 


Xtal'N oscillator input 




-0.3~ + 1 


Vo 


Output voltage 


XtalOUT oscillator output 




-0.3~ + 1 


V 


Ol — Os outputs 




-0.3~ -f-6.5 


Topr 


Operating temperature 




-10- +60 


•x: 


Tstg 


Storage temperature 




-55- + 125 


x: 



RECOMMENDED OPERATING CONDITIONS (Ta= -10~ +60°C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


lOL 


Low-level output current 






5 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-10~+60t:. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


llH 


High-level input current (r" input) 


Vcc=5.5V. ViH=5.5V 






40 


mA 


IlL 


Low-level input current (R input) 


Vcc=5.5V, V|L=0.2V 




- 15 


-100 


UA 


Vol 


Low-level output voltage (Q^ —Qg outputs) 


Vcc=4.5V, loL=5mA 






0.4 


V 


Iqh 


High-level output current ( Qi —Qg outputs) 


Vcc=4.5V. VoH=6.5V 






-100 


/uA 


Ice 


Circuit current 


Vcc=5.5V, 


5 


11 


20 


mA 


fmax 


Maximum operating frequency 




4.2 






MHz 



* : Typical values are at Ta=25''C 

APPLICATION EXAMPLES 
1. Quartz oscillator circuit 



2. Divider circuit 



220 Q 
— — 



I^OPF--- 330Q 

HI— IDh-pw^ 

= :22GpF y47pF 
rrr nr 



I 

141121 


Vcc R 


08 


XtaJN 


O7 




06 


XtalOUT 


O5 




O4 


M54816P O3 




O2 


GND 


Ol 





Crystal specifications 
Reference frequency 4.2MHz 
Effective resistance 100Q, max 
Load capacitance 32pF 



11[ 
















10 
















9 














8 












7 










5 








4 






3 





' Vcc 

: R=2kQ 



.1/214 
J/213 

► 1/212 
.1/211 

► 1/210 

► 1/29 

►1/28 

►1/22 



input; 

SIGNAL 




50Q 



50Q| 



XtaJN 
M54816P 



— ^ XtalOUT 
GND 



»Vih21.5V. VilS0.2V 



11l 
















10 
















9 
















8 












7 












5 








4' 






3 





^ Vcc 

R = 2kQ 



- 1/214 
. 1/213 

- 1/212 
.1/211 
.1/210 
.1/29 
►1/28 
►1/22 
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PRESETTABLE DIVIDER 



DESCRIPTION 

The M54819L is an semiconductor integrated circuit 
consisting of a divider circuit which provides seven types of 
frequency divide ratios. 

FEATURES 

• Built-in regulated power supply 

• Maximum operating frequency fmax 3.0MHz 

• Reset function 

• Selectable divide ratio 

1/2, 1/4, 1/6, 1/8, 1/10, 1/12, or 1/16 

• Wide supply voltage range (Vqc ^ 4.0 ~ 14.5V) 

• Low power consumption (Ice = 3mA for Vcc = 14.5V) 

APPLICATION 

General consumer equipment, frequency dividers 
FUNCTION 

The M54819L is designed for use as a general purpose 
frequency divider and consists of a regulated power supply, 
and dividers with divide ratios of 1/3, 1/5, and 1/16. 

The output frequency division ratio is selectable and 
determined by a 3-input binary coded division ratio input. 
This allows the selection of one out of seven division ratios 
(1/2, 1/4, 1/6, 1/8, 1/10, 1/12, or 1/16). The output is a 
current source/sink type output capable of sourcing 100/uA 
and sinking 1.6mA. 

The built-in regulated power supply operates over a wide 
voltage range from 4.0 to 14.5V. A current injection input 
is provided to increase operating speed. By supplying this 



PIN CONFIGURATION (TOP VIEW) 


Vcc [T 






SELECTION INPUT S3— »[T 






COUNT INPUT T— »[T 






GND |T 
* 

CURRENT INJECTION ini—klT" 
INPUT ini — L5_ 


M54819L 




OUTPUT OUT"^!^ 






SELECTION INPUT 1 








* I Normally open 


Outline 


8P5 





pin with current, the input count frequency can be raised 
to a maximum of 2MHz. 

Resetting is accomplished by setting all the division ratio 
inputs to high-level, whereupon the internal divider circuits 
are cleared, the output going to low-level. 

PRESETTABLE FUNCTION TABLE 



Selection 
inputs 


Si 


H 


H 


H 


L 


L 


L 


H 


L 


S2 


H 


L 


H 


H 


H 


L 


L 


L 


S3 


H 


H 


L 


H 


L 


H 


L 


L 


Output 
divide ratio 


Reset 


y2 




% 


Vb 


Vo 


Vn 





BLOCK DIAGRAM 



CURRENT INJECTION INPUT 
In] 



Vcc 









REGULATED 
POWER 
SUPPLY 





OUTPUT 
CIRCUIT 



COUNT INPUT 



T(3> 





INPUT 
CIRCUIT 




1/2 




1/2 




1/2 































1/2 



o t 

LU CC 



1/3 



1/5 



*(6) OUT 

^ OUTPUT 



-<i>- 



GND 
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PRESETTABLE DIVIDER 



ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75t; unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




15 


V 


V| 


Input voltage 


Count input T 




4 


V 


Selection inputs Sj , Sj , S3 




15 


Vo 


Output voltage 




6 


V 


Topr 


Operating temperature 




-20- +75 




Tstg 


Storage temperature 




-55- + 125 





RECOMMENDED OPERATING CONDITIONS (Ta= -20~+75 C unless otherw.se noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4 




14.5 


V 


IQL 


Low-level output current 






1 .6 


mA 



ELECTRICAL CHARACTERISTICS (Ta = 25TC. unless otherw.se noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


V|H 


High-level input 
voltage 


Count input T 




0.9 






V 


Selection inputs S, , Sj , S3 




2 






ViL 


Low-level input 
voltage 


Count input T 








0.3 


V 


Selection inputs Si , S2 , S3 








0.6 


VOH 


High-level output voltage 


Vcc=7V, loH= -0.1mA 


2.4 






V 


Vcc=4V, loH= -0.1mA 


0.8 






Vol 


Low-level output voltage 


VcG=7V, loL= 1.6mA 






0.4 


V 


llH 


High-level input 
current 


Count input T 


Vcc= 14.5V, V|=1V 






1.5 


mA 


Selection inputs Si , S2 , S3 


Vcc= 14.5V, V|= 14.5V 






100 


//A 


IlL 


Low-level input 
current 


Count input T 


Vcc= 14.5V, V| = 0.2V 






-10 


A'A 


Selection inputs Si , S2 , S3 


Vcc= 14.5V, Vi-OV 






-100 


los 


Output short-circuit current 


Vcc= 14.5V. Vo=0V 


-0.1 




-1 


mA 


Ice 


Circuit current 


Vcc= 14.5V. V| = Vcc (P'ns2,7,8) 




3 


5 


mA 



* : A typical value is at Ta=25°C. 

APPLICATION EXAMPLE 

Capstan motor control application (1/128 divider) 



Vcc 

T M54819L OUT 

S3 GND Si S2 



7 



Vcc S2 
M54819L OUT 

S3 GND Si 



-Vcc 



5.29Hz 
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PIN CONFIGURATION (TOP VIEW) 



COUNT INPUT 
REFERENCE 
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INPUT 



PRESET 

SELECTION 
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(Vcc H 




l^-^DsCMSD) 








2|— D4 




1 fref 




1— D3 


DIGIT 
OUTPUTS 






13- D2 




S~2 — H 




io|-^Di(LSD) 






l\3 






3-4 






5-5-* II 




g 




s~6— E 






SEGMENT 
OUTPUTS 














ni-^d 




GND El 




13] -♦a 





Outline 24P4 



DESCRIPTION 

The M54280P is an PL semiconductor integrated circuit 
consisting of a frequency counter and a 5-digit LED driver, 
for use in driving 7-segment LED display elements. 

FEATURES 

• Direct drive of a 5-digit common-anode type 7-segment 
LED display 

• Presetting of the first IF frequency of a double 
superheterodyne receiver 

• Built-in zero suppression 

• Low power dissipation (Ice 38mA for Vqc = 5V) 
APPLICATION 

Received frequency display for shortwave receivers, instru- 
mentation frequency counters. 

FUNCTION 

The M54820P is a frequency counter capable of displaying 
the received frequency for a shortwave broadcast in units of 
IkHz. The receiver first IF frequency can be preset, 
allowing direct reading of the received frequency in five 
digits by counting the local oscillator frequency. The circuit 
is designed to drive a 5-digit 7-segment commonanode LED 
display. The M54820P can be used as a conventional 
frequency counter as well. 



For use as a frequency counter, the external circuit 
required consists of a reference generator 10 (M54812L), a 
prescaler circuit (M53290P), and five 2SC1 210 digit-drive 
transistors. This circuit, in combination with a 5-digit, 
7-segment common anode LED display, completes the 
frequency counter. 
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DESCRIPTION OF OPERATION 

The following is an operational description of the M54820P 
frequency counter. 

• Maximum operating frequency 

The count input (fc) can accept a measurement fre- 
quency of up to 2.5MHz. 

The input signal however, is a TTL level rectangular 
wave, the duty cycle of which must be approximately 
50% when approaching this maximum operating fre- 
quency. 

• Reference frequency (fref ) and prescaler. 

The reference frequency is a TTL level rectangular signal 
of IMHz. To extend the frequency counting range of the 
circuit a prescaler can be used in which case the 
reference frequency can be made 1.25MHz or 0.625MHz 
depending upon the prescaler division ratio. The re- 
ference frequency is divided and provides the necessary 
control signals for the entire circuit. 
The counting accuracy is determined by the accuracy of 
the reference frequency. Therefore, a highly stable 
source such as a quartz oscillator must be used. For 
example, when the input frequency fc is 2.5 MHz, 
40ppm deviation of reference frequency will cause an 
error of ±1 count in the least significant digit {1ppm = 
10"^). 

• Preset Values 

As shown in table 2, nine types of preset values can be 
selected from. In addition, by presetting the value of 
zero, the M54820P can be used as a conventional fre- 
quency counter. 

• Gate Time 

The count input signal is counted only while the gate is 
opened. After counting, the counted value is latched, 
and the value held until the next count is finished. The 
time required for the gate time and counting operation 
for various reference frequencies is shown in table 3. 



Table 1 Relationship of reference frequency and prescaler 



Reference frequency (fref/ 


Prescaler 


Frequency measurement range 
(note 1 ) 


1MHz 


No 


0.1kHz~2.5MHz 


Vio 


IkHz- 25MHz 


Vioo 


10kHz~250MHz 


1 .25MHz 


Vg 


IkHz- 20MHz 


Vso 


10kHz~200MHz 


0.625MHz 


Vl6 


IkHz- 40MHz 


Vl60 


10kHz~400MHz 



Note 1 The measured frequency indicates the prescaler input frequency 

The frequency lower limit indicates that frequency at which borrow 
occurs for the last digit of the five digit display 

• LED Drive Method 

Dynamic LED drive is provided with a repetition rate of 
200Hz. 



Table 2 Preset values 



Preset selection inputs (note 2) 


Preset values (note 3) 


Si 


•^z 




S4 


>j5 




S7 


og 


H 


H 


H 


H 


H 


H 


H 


H 


0 


H 


H 


H 


H 


H 


H 


H 


L 


-2MHz 


H 


H 


H 


H 


H 


H 


L 


H 


2MHz 


H 


H 


H 


H 


H 


L 


H 


H 


6MHz 


H 


H 


H 


H 


L 


H 


H 


H 


10MHz 


H 


H 


H 


L 


H 


H 


H 


H 


14MHz 


H 


H 


L 


H 


H 


H 


H 


H 


18MHz 


H 


L 


H 


H 


H 


H 


H 


H 


22MHz 


L 


H 


H 


H 


H 


H 


H 


H 


45MHz 



Note 2 H Open 
L GND 

3 Corresponds to a display least significant digit of 1 kHz 



Table 3 Gate time and count operation repetition frequency 



Reference frequency (fref) 


Gate time 


Count operation 
repetition frequency 


0.625MHz 


160ms 


3.125Hz 


1MHz 


100ms 


5Hz 


f. 25MHz 


80ms 


6.25Hz 



I 3 Due C "lOOn fjjb 

II I J U I U J U e|_Sjc 

d 

Fig.1 Display element configuration 

Unnecessary zeroes in the upper digits are suppressed by an 
internal zero suppression circuit. In addition, rounding is 
used to insure that the last digit does not vary wildly. 
The M54820P is intended to drive a common-anode type 
LED display as shown in Fig. 1. 

The segment and digit outputs do not require current 
limiting resistors. 

PRECAUTIONS FOR USE 

1. The dynamic display system may generate noise so care 
should be taken in this regard. 

2. To set the high-level condition for preset selection inputs 
Si through Sg, these inputs can be left open. Direct 
application of exaessive voltage to the IC can cause 
damage. 
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INPUT/OUTPUT CIRCUITS 



fc. ^ef inputs 



fc. frefO- 



-Vcc 




-GND 



Preset selection inputs 



Si-Sso- 



1 



Segment outputs 



Digit outputs 



20k Q< 



GND- 




15kQ 



OD1 -D5 



ABSOLUTE MAXIMUM RATINGS (Ta=-10~+60C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0.5- +6.5 


V 


V| 


Input voltage 


Pins 2 and 3 




-1 .2- +5,5 


V 


Pins 4 through 1 1 




-0.5- +1 


Vo 


Output voltage 




Vcc 


V 


Pd 


Power dissipation 




600 


mW 


Topr 


Operating temperature 




-10- +60 


°C 


Tstg 


Storage temperature 




-55- +125 





RECOMMENDED OPERATING CONDITIONS (Ta= -10- +60°C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


fc 


Count frequency 


0 




2.5 


MHz 


fref 


Reference frequency 


0.5 


1 .0 


1 .5 


MHz 


Duty 


/Pins 2 and 3 \ 

Input duty cycle 

\f = f(max) J 


45 


50 


55 


% 
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ELECTRICAL CHARACTERISTICS (Ta=-10~+60lC. umess otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Test 
circuit 


Mm 


Typ 


Max 


V|H 


High-level input voltage 




2 








2 • 3 


(Note 4) 


0.9 




1 


4 -11 


ViL 


Low-level input voltage 








0.7 


V 


2 • 3 


0 




0.2 


4 -11 


llHI 


High-level input current 


Vcc = 5.5V 


V|-2.4V 






50 


A/A 


2 • 3 


I|H2 


V| = 4.5V 






80 


/.A 


IlL 


Low-level input current 


Vcc = 5.5V 


V| = 0.4V 






-2 


mA 


2 • 3 


V| = 0.1V 






-0.1 


4 -11 


Iseg 


Segment current 


Vcc = 4.5~5.5V. Vo = 1~3V 


12 


20 


30 


mA 


13-19 


'dig 


Digit current 


Vcc = 4.5V, Vo = 3V 


-3 






mA 


20-24 


Ice 


Circuit current 


Vcc = 5.5V (Note 5) 




38 


60 


mA 


1 



Note 4 : Pins 4 through 11 may be left open for high-level conditions 

5 : Apply 1 V to pins 13 through 19 

6 : Typical values are at Ta=25°C 

APPLICAITON EXAMPLES 

(1) Frequency counter circuit ^4.5- 




2SC1210 

OR EQUIVALENT 



COMMON ANODE 
LED 



(LSD) 



Note 6: Divide by 10 C output with duty cycle approximately 50% should be used 

7: Reference frequency (fref) =0.625MHz. using a 74LS93 (1 /1 6 divider) up to 40MHz may be input with a reference frequency (fref) 
= 1.25MHz and a M54451 P (1/8, 1/80 divider) as a prescaier, the range from 20MHz to 135MHz can be covered 

(2) Radio receiver 

ANTENNA 



1ST 




1ST 
IF 




2ND 
MIXER 




2ND 


MIXER 








IF 



LOCAL 




BUFFER 


OSC 




AMP 



2ND 
LOCAL 



PRESCALER 

L 



1 






M54820P 


1 fref^ 





-2MHz - PRESET 



5-DIGIT 7-SEGMENT LED DISPLAY 
(RECEIVED FREQUENCY DISPLAY) 
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Vcc [L 








1 IP IMPI IT 


yp 




lU— 02 




DOWN INPUT 


DOWN-*[T 




HI -^03 




OUTPUT 

DETECTION 

INPUT 


OD — |T 

RX -^[T 


M54832 


13]— 04 
11-05 


SELECTION * 
OUTPUT 


OSCILLATION , 
ADJUSTMENT 


C2-II 
GND [E. 




101-O7 

I]- 08 






Outline 16P4 


* ' Open collector 



DESCRIPTION 

The IVI54832P channel selector is an PL integrated circuit 
capable of directly selection 8 channels and of continuous 
selection in both the up and down directions. 

FEATURES 

• Channel selection with soft fingertip touch switches 

• Direct selection possible 

• Continuous selection in up and down directions 

• Preset selection possible 

• Selection display with direct LED drive 

• Wide operating voltage range (Vcc = 3.5~6V) 

• Low current operation (Ice = 4mA, Vcc = 6V) 

• Built-in RC oscillator 

APPLICATION 

Radio and TV selection units; tape recorders, electric fans, 
microwave ovens and other multiple input units; general 
consumer equipment and appliances. 

FUNCTION 

The M54832P is a channel selector IC with a built-in RC 
oscillator circuit, serving for 8-channel direct selection and 
up/down selection. 

When the fixed channel (Oi output) is selected when the 
power has been switched on and when the up or down 
switch has been set to on, the on state of one output only 
among the outputs for the 8 channels can be moved con- 
tinuously in the up or down direction in accordance to the 
switch which is on. When both the up and down switches 
are set to on, there is no channel shift and no up/down 



select operation. The speed of the up/down select operation 
can be set by the values of externally mounted RC oscilla- 
tion circuit resistor (R^) and capacitors (Cj + C2). This 
speed is 1/64th of the RC oscillation circuit's period. 

Channels can be selected directly in an instant by setting 
the switch connected to the output detection circuit and 
output pin for the channel which is about to be selected in 
to on. For this case the select speed is set by the values of 
the oscillation circuit resistor (Rx) and capacitor (Ci ). 



BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS(Ta=-10~+75X;, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




8 


V 


Vi 


Input voltage 




6 


V 


Vo 


Output voltage 




12 


V 


Topr 


Operating temperature 




-10~+75 


t 


"^stg 


Storage temperature 




-65- + 150 





RECOMMENDED OPERATING CONDITIONS (Ta= - 10~ +75t:. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


3.5 


4.5 


6 


V 


Vqh 


High-level output voltage 






12 


V 


lOL 


Low-level output current 






20 


mA 



ELECTRICAL CHARACTERISTICS(Ta = 25r . unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


VlH 


High-level 
input voltage 


Up, Down input 




3 




6 


V 


OD input 




3 




12 


Iqh 


High-level output current 


Vcc=3.5V. Vo=12V 






25 


uA 


Vol 


Low-level output voltage 


Vcc=3 5V. loL=20mA 






0.5 


V 


ViL 


Low-level input 
voltage 


CD input 


Vcc^ev, 


0 




0.5 


V 


llH 


High-level 
input current 


Up, Down 


Vcc=6V, V| = 3V 






400 


//A 


OD input 


Vcc=6V, V| = 3V 






2 


mA 


Ice 


Circuit current 


Excluding output current, Vcc=6V, input OFF 


2 


4 


6 


mA 


^OSC 


Oscillation frequency 


Vcc=6V (Notel) 




60 


4- 


Hz 


^OSC 


Oscillation frequency 


(Note 1) 




100 


+ 


kHz 



Note 1 Typical values are with Rx = 5^kn, Cj = 0 7/iF, C, = 330pF 



TYPICAL CHARACTERSITICS APPLICATION EXAMPLE 

8-channel selector 

OSCILLATION CHARACTERISTICS power supply 




LECT 



EXTERNALLY MOUNTED RESISTANCE Rx (kQ) 
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DESCRIPTION 

The M54833P is a semiconductor integrated circuit consist- 
ing of an I^L channel selector capable of direct or up/down 
selection of 8 channels. 

FEATURES 

• Channel selection by soft-touch switches 

• Direct selection capability 

• Sequential up/down selection 

• Presettable 

• Selection display with direct LED driver 

• Wide operating voltage range ( Vcc=3. 5— 6V) 

• Low current operation (lcc=4mA, Vcc=6V) 

• Built-in RC oscillator 

APPLICATION 

Radio and TV channel selectors, tape recorders, electric 
fans, microwave ovens and other multiple input equipment ; 
general consumer equipment and appliances 

FUNCTION 

The M54833P is a channel selector IC with a built-in RC 
oscillator. It is capable of 8 channel direct and up/down 
selection. 

When the power is turned on, output d is selected. When 
the up or down switch is closed, the on state output is se- 
quentially transferred either up or down. When both up and 
down switches are closed, no channel transfer occurs. The 
speed of the up/down transfer is determined by the exter- 



PIN CONFIGURATION (TOP VIEW) 


vcc [T 
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Outline 16P4 





nally connected capacitance (C1+C2) in the RC oscillator. 
The transfer speed is 1/64 the period of the RC oscillator. 
Channels can be directly selected by closing a switch be- 
tween the the desired output pin and the output detector 
input. The selection speed is determind by capacitance 
(Ci) in the oscillator circuit. The pulses at the clock output 
(CO) are in sync with the movement of output selection. 
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OPERATIONAL TIMING DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (Ta=40~+751C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




8 


V 


V| 


Input voltage 




6 


V 


Vq 


Output voltage 




12 


V 


Topr 


Operating temperature 




10 — 1-75 


r 


Tstg 


Storage temperature 




-55 — hi 25 





RECOMMENDED OPERATING CONDITIONS (Ta=10~+75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


3.5 


4.5 


6 


V 


VoH 


High-level output voltage 






12 


V 


'OL 


Low-level output current 






20 


mA 
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ELECTRICAL CHARACTERISTICS (Ta=-25C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mln 


Typ 


Max 


V,H 


High-lfvel input voltage 


Up, down inputs 




3 




6 


V 


OD input 




3 




12 


•oh 


High-level output current 


Vcc=3.5V, Vo=12V 






25 




Vol 


Low-level output voltage 


Vcc=3. 5V, loL=20mA 






0.5 


V 


V.L 


Low-level input voltage 


OD input 


Vcc=6V 


0 




0.5 


V 


llH 


High-level Input current 


Up, down input 


Vcc=6V, V|=3V 






400 


lu^ 


OD input 


Vcc=6V, V|=3V 






2 


mA 


Ice 


Supply current 


Excluding output current, \/cc=6V, input off 


2 


4 


6 


mA 


fosc 


Oscillation frequency 


Vcc=6V (Note 1) 




60 


+ 


Hz 


*osc 


Oscillation frequency 


(Note 1) 




100 


+ 





Note 1 . Typical values are with Rx=51l<f2, C2=0. Ci=330pF. 
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DESCRIPTION 

The M54834P is an I^L semiconductor integrated circuit 
consisting of a 14-channels selector capable of directly 
tuning 14-channels and of continuous tuning in both the up 
and down directions. 

FEATURES 

• Channel tuning with soft fingertip touch switches 

• Direct tuning possible 

• Continuous tuning in up and down directions 

• Preset tuning possible 

• Tuning display with direct LED drive 

• Wide operating voltage range (Vqc ~ 4.0 ~ 6.0V) 

• Low current operation (Iqc ~ 8mA, for Vqc = 6V) 

• Built-in RC oscillator 

APPLICATION 

Radio and TV tuning units; tape recorders, electric fans, 
microwave ovens and other multiple input units; general 
consumer equipment and appliances. 

FUNCTION 

The M54834P is a channel selector IC with a built-in RC 
oscillator circuit, serving for 14-channels direct tuning and * 
up/down tuning. 

When the fixed channel (d output) is tuned in when 
the power has been switched on and when the up or down 
switch has been set to on, the on-state of one output only 
among the outputs for the 14-channels can be moved 
continuously in the up or down direction in accordance 
with the switch which is on. When both the up and down 



PIN CONFIGURATION (TOP VIEW) 
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switches are set to on, there is no channel shift and no 
up/down tuning operation. 

The speed of the up/down tuning operation can be set 
by the values of externally mounted RC oscillation circuit 
resistor (Rx) and capacitors (Ci + C2 ). This speed is 1/64th 
of the RC oscillation circuit's period. 

Channels can be tuned in directly in an instant by setting 
the switch connected to the output detection circuit and 
output pin for the channel which is about to be tuned in to 
on. For this operation, the tuning speed is set by the values 
of the oscillation circuit resistor (Rx) and capacitor (Ci). 
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ABSOLUTE MAXIMUM RATINGS (Ta = -10~ + 60C, umessotherw.senoted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




7 


V 


V| 


Input voltage (UP, DOWN input pins) 




6 


V 


Vo 


Output voltage 




12 


V 


Topr 


Operating temperature 




-10- +60 


X 


Tstg 


Storage temperature 




-55~ -f 125 





RECOMMENDED OPERATING CONDITIONS (Ta- lO eOC, umess otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


6 


V 


Vo 


Output voltage (when power transistor is OFF) 






12 


V 


lOL 


Low-level output voltage 






25 


mA 



ELECTRICAL CHARACTERISTICS (Ta = 25 C, umess otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ* 


Max 


ViH 


High-level input 
voltage 


UP, DOWN inputs 




3 




6 


V 


OD input 




3 




12 


lOH 


High-level output current 


Vcc = 3V. Vc=12V 






25 




Vol 


Low-level output voltage 


Vcc=3V, loL = 25mA 






0.45 


V 


ViL 


Low-level input 
voltage 


OD input 


Vcc = 6V, 


0 




0 5 


V 


llH 


High-level input 
current 


UP, DOWN inputs 


Vcc = 6V, V| = 3V 






400 


//A 


OD input 


Vcc = 6V, V|=3V 






2 


mA 


'cc 


Circuit current 


Not including output current Vcc= 6V 
input OFF 


3 


8 


15 


mA 


fosc 


Oscillation frequency 


Vcc = 6V (Notel) 




60 


+ 


Hz 


fosc 


Oscillation frequency 


Vcc=6V (Notel) 




100 




kHz 



* : Typical values are at Ta=25°C 
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APPLICATION EXAMPLES 
(1) Electronic tuner circuit 



m 



Oi O2 O3 O4 O5 06 O7 08 O9 O10 O1 

M54834P 

Vcc UP DOWN OD Rx Ci C2 GND Ou O13 O12 



U UJ UJ L4j LM I4J 



Lp LJ LjJ LjJ LJ L ol 

vWniTow SPEED I 

HI i 

" HIGH SPEED 



6 6 6 
Vcc UP DOWN 



t 



61 61 61 61 61 61 61 61 61 



DIRECT TUNING SWITCHES 



(2) Si Channel skip circuit 



Vcc o- 



LED 



O1 O2 O3 O4 O5 06 O7 08 O9 O10O11O12O13O14 

M54834P 

I Vcc UP DOWN OD Rx Ci 02 GND 



^1 



If 



61 6161 61 61 



1- 



DIRECT TUNING SWITCHES 
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8-DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTOR 



DESCRIPTION 

The M54844P, a semiconductor integrated circuit fabri- 
cated with using IIL technology, is designed for driving an 
8-digit, 8-segment fluorescent display. 

FEATURES 

• Can be used in either an 8-digit or 7-digit plus a deci- 
mal point. 

• 4-bit data input 

• Mode-input controllable display mode 

• Internal clock generator 

• Wide operating voltage (Vcc=5~12V) 

APPLICATION 

Micro computer display 

Digital equipment for industrial and consumer use 
FUNCTION 

The M54844p, a decoder/driver for fluorescent displays, 
has a 4-bit X 8-digit memory. Employing the dynamic light- 
ing method, it can light an 8-segment, 8-digit device. Two 
indication modes can be selected, by the setting of the 
MODE input. 



PIN CONFIGURATIONS (TOP VIEW) 



LATCH INPUT WR -►E 
So -(2 



DIGIT OUTPUTS 




GND 




CONDENSOR 
CONNECT PIN 



SELECT INPUT 
RES RESET INPUT 
DECIMAL 
POINT OUTPUT 



SEGMENT 
OUTPUTS 



JB) CTL CLOCK INPUT 



Outline 28P4 



BLOCK DIAGRAM 



LATCH INPUT WR 



Vcc GND 



DATA INPUT So~S3 C} 



CLOCK INPUT CTL (l5> 



RESET INPUT RES (25)- 



DATA MEMORY 
(8-DIGIT) 



DISPLAY |- 
CONTROL- 

circuitI 



TIMING 
COUNTER 



DECIMAL 

POINT 
CONTROL 



2A) DP DECIMAL POINT OUTPUT 



OSCILLATOR 
I , I 



SEGMENT 
DECODER 



-(28, 

C To~T7 MODE 

CONDENSER DIGIT MODE 
CONNECT PIN OUTPUT SELECT 
INPUT 



-^^^a-l SEGMENT OUTPUT 
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DESCRIPTION OF OPERATION 

1 . Output after reset and during reset. 

Outputs during reset (RES=higli-state) is sliown in the 
following chart. 



Output pin 


Output level 


Digit output 


To 


H 


Ti~T7 


L 


Segment output 


a~l 


L 


DP 


L 



After reset, the outputs To-^Ty are scanned beginning 
with To. Outputs Sa'-Si and DP remain in low-state un- 
til CTL has been input for 8 cycles. 



3 . Operation timing 
(1) Data programming 



RES 



JT 



(TO) 
FIRST DIGIT 



Decimal point setting 

The location of the decimal point depends on the con- 
tents of the data memory corresponding to Tq. When 
the decimal point is to be displayed, digit Tq cannot be 
used. 

The display position of the decimal point is as follows. 



Content of digit Tq 


Display position of 
decimal point 


0 or 8 


Ti 


1 or 9 


T2 


2 or A 


T3 


3 or B 


T4 


4 or C 


T5 


5 or D 


Te 


6 or E 


T7 


7 or F 


To 



(T7) 
EIGHTH DIGIT 



Sq-^Ss 



CTL 



xixzDciDcixzDCZD(zxzx:::: 
ii_jLji_ji_jn_ji fL_ii 



PERIOD OF DATA PROGRAMMING (INDICATOR BLANK) 



DISPLAYING 



• Reset input is necessary before data programming input. 

• So~S3 data is read at the leading edge of the CTL. 



(2) Output timing 

To 
Ti 
T2 
T3 
T4 



T7 



J L 
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DISPLAY CHARACTERS 



\ Hexadecimal 
code 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 


I 


C 


; 
/ 


e 


3 
J 


u 

1 


c 

J 


c 
u 


1 
1 


CO 


9 




£ 


r 

L 




o 




n 


LL 
1 


r/ 
u 


b 


c 


u 


o 

L 


-L 
/ 



Mode I is displayed when MODE input Is low-state. 
Mode n is displayed when MODE input is high-state. 



•U" 



M54844P 



1 



Cext 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 3 1-15 


Y 


V, 


Input voltage 




-0. 3'-Vcc 


V 


Vcc-Vo 


Voltage between the power supply and output pin 


Output off-state 


-0. 3 — 1-35 


V 


Topr 


Operating temperature 




-30 — h85 


r 


Tstg 


Storage temperature 




-55—1-125 





RECOMMENDED OPERATING CONDITIONS (Ta = -30~-h85r, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


10 


12 


V 


Vcc-Vo 


Voltage between the power supply and output pin 






33 


V 



ELECTRICAL CHARACTERISTICS (Ta= -SG—HBSC, Vcc = lOV, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V,H 


High-level input voltage 




2 




Vcc 


V 


V,L 


Low-level input voltage 




0 




0.7 


V 


l|H 


High-level input current 


V,H=10V 






20 


/.A 


l|L 


Low-level input current 


V,L=0. 5V 






-200 


/.A 


VoH 


High-level output voltage 


loH=-10mA 


8 






V 


'OLK 


Output leak current 


Vo=-20V 






-30 


/.A 


'cc 


Supply current 


Display off-state 




12 


18 


mA 


tws 


Segment output width 


Cext=1000pF 


130 


260 


520 


IJL% 


twB 


Segment blank width 


Cext=1000pF 


20 


40 


80 


/"S 


twD 


Digit output width 


Cext=1000pF 


150 


300 


600 




tcY 


Digit penod 


Cext=1000pF 


1.2 


2.4 


4.8 


ms 
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TIMING REQUIREMENTS (Ta= -30~+85°C, Vcc = 4.5~12V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


t|SC 


Input setup time in relation to CLK 




5 






MS 


t|HC 


Input hold time m relation to CLK 




10 






/us 


twH 


High-level CTL width 




5 






JUS 


twL 


Low-level CTL width 




10 






MS 


tisw 


Input setup time in relation to WR 




0 






MS 


t|HW 


Input hold time in relation to WR 




5 






MS 


tww 


WR width 




5 






MS 


twc 


WR-CTL 




5 






MS 


tew 


CTL-WR 




15 






MS 



OUTPUT TIMING DIAGRAM 




DIGIT 

OUTPUT 
DIGIT 

OUTPUT 



DIGIT OUTPUT WIDTH twD="l5tosc 
SEGMENT OUTPUT WIDTH tws=13tosc 
SEGMENT BLANK WIDTH twB=2tosc 
(tosc is oscillation period of the oscillator circuit.) 



INPUT TIMING DIAGRAM 

WR="L" UTCH IS NOT USED WHEN DATA IS INPUT. 



S0~S3 



t|sc 



CTL 



twL 



WHEN WR IS USED 



S0~S3 



CTL 



ZD ^ K 



X 



twc 



r 



twH 



twL 



A MITSUBISHI 
ELECTRIC 



2-427 



MITSUBISHI BIPOLAR DIGITAL ICs 

iVi54847AP 

2-DIGIT BCD-7-SEGMENT DECODER/DRIVER 



DESCRIPTION 

The M54847AP is a semiconductor integrated circuit con- 
sisting of an ML 2 digit BCD-7 segment decoder/driver. 

FEATURES 

• Direct drive of LEDs (common catliode type. No need 
for current limiting resistors, segment current: 10mA 
max.) 

• Direct drive of fluorescent character displays (Segment 
withstand output is —25V max at Vcc=5V.) 

• Data input in both serial and parallel formats 

• Brightness control input enables continuous LED bright- 
ness adjustment. 

APPLICATION 

TV channel display 

FUNCTIONAL DESCRIPTION 

The M54847AP is a 2 digit BCD-7 segment decoder/driver 
for static drive of LED and fluorescent character displays. 
The following display modes are possible. 

MODE I Numerical display of QO-- 53 
MODE n Numerical display of [] ~ 33' 
Oi I ro 

I lU , LI I, 



PIN CONFIGURATION (TOP VIEW) 




2A 










2a ' 




DATA INPUTS 


2B 










2b 






2C 










2c 






- 2D 


rr 






--1 

a-* 


2cl 


SEGMENT 
OUTPUTS 




1A 










2e 


(LOWER 
DIGIT) 


DATA INPUTS 


1B 










2f 




1C 




1 






2g 






. ID 










Vcc 






GND 


[I 


> 






1a 




LATCH INPUT 


Latch 




"0 






1b 




SERIAL DATA INPUT SI 








i-. 


1c 




DATA TRANSFER 
CLOCK INPUT 


CTL 








il- 


Id 


SEGMENT 
OUTPUTS 


PARALLEL/SERIAL 
SWITCHING 


P/S 










1e 


(UPPER 
DIGIT) 


DISPLAY MODE MOnE 
SWITCHING INPUT "VlUUt 








l3- 


If 




eaWpuT 


B.C 










ig . 






Outline 


30P4B 







BLOCK DIAGRAM 



DATA INPUTS 



DATA INPUTS 



SERIAL DATA INPUT 31(11 




GND MODE 

9)--<14>- 



8 BIT 


8 


8 BIT 


SHIFT 


DATA 


REGISTER 




LATCH 




—k k ^-—3^ 



CTL 

DATA TRANSFER 
CLOCK INPUT 



LATCH 
INPUT 



PARALLEiySERIAL 
SWITCHING 



B.C 

BRIGHTNESS 
CONTROL INPUT 



SEGMENT OUTPUTS 
(UPPER DIGIT) 



SEGMENT OUTPUTS 
(LOWER DIGIT) 
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OPERATING DESCRIPTION 

• Display mode 

(1) When the mode switching input is high, both digits 
are driven in accordance with Function Table I . 

(2) When the mode switching input is low, input 1C and 
1D become the character data inputs, driving the 
display in accordance with Function Table 11 . 



• Serial input data writing 

Data 2A-^2D and 1A-^1D is read sequentially by the low 
edge of CTL. After all 8 bits are loaded in the shift register, 
the display is updated by switching Latch input to low. 



SERIAL DATA WRITING 

(2A) (2B) (2C) (2D) (1A) (1B) (1C) (ID) 





( X x X X X X y ) 


c 








ULJUUUiJIJU 






DATA WRITING 




J 

DISPLAY UPDATA 



INPUT TIMING DIAGRAM 



CTL 



Latch 



— *1 

1 . . . tsu = 20^i 

L J L*^"^ th = 20//s 

tr twH = 30// 



■su^i ^ ^ 1 MINIMUM VALUES 

tsu = 20/us 
th = 20// s 
twH = 30// s 
twL= 10//S 
tLL= 10//S 



FUNCTION TABLE I 



Data input 


Segment output 


Display 


A 


B 


C 


D 


a 


b 


c 


d 


e 


f 


g 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


L 


n 


H 


L 


L 


L 


L 


H 


H 


L 


L 


L 


L 


1 


L 


H 


L 


L 


H 


H 


L 


H 


H 


L 


H 




H 


H 


L 


L 


H 


H 


H 


H 


L 


L 


H 


3 


L 


L 


H 


L 


L 


H 


H 


L 


L 


H 


H 




H 


L 


H 


L 


H 


L 


H 


H 


L 


H 


H 


5 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


H 


b 


H 


H 


H 


L 


H 


H 


H 


L 


L 


L 


L 


n 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


8 


H 


L 


L 


H 


H 


H 


H 


H 


L 


H 


H 


9 


L 


H 


L 


H 


L 


L 


L 


L 


L 


L 


H 




H 


H 


L 


H 


H 


L 


L 


H 


H 


H 


H 


E 


L 


L 


H 


H 


H 


L 


L 


H 


H 


H 


L 


r 

L 


H 


L 


H 


H 


L 


L 


L 


L 


L 


L 


L 


Blank 


L 


H 


H 


H 


L 


L 


H 


H 


H 


L 


H 


□ 


H 


H 


H 


H 


L 


L 


L 


L 


L 


L 


L 


Blanl< 



FUNCTION TABLE I 



Data input 


Other data 
lA, IB 
2A~2D 


Display 


IC 


ID 


First digit 


Second digit 


L 


L 


X 


-(Notel) 


-(Notel) 


H 


L 


X 


r 

L 


R 


L 


H 


X 


R 


u 


H 


H 




(Note 2) 


(Note 3) 



Note 1 : Only segment g liglits. 

2 : When both IC and ID inputs are high, 
first digit display blanking or numerical 
display of 1, 2 or 3 is determined by 1A, 
1 B input state. 



Data input 


Segment oilitput 


Display 


1A 


IB 


IC 


ID 


la 


lb 


Ic 


Id 


le 


If 


ig 


L 


L 


H 


H 


L 


L 


L 


L 


L 


L 


L 


Blank 


H 


L 


H 


H 


L 


H 


H 


L 


L 


L 


L 


1 
1 


L 


H 


H 


H 


H 


H 


L 


H 


H 


L 


H 


? 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


H 


3 



Note 3 : Other digit codes are identical to those in function table I 
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I/O CIRCUIT DIAGRAM 




ABSOLUTE MAXIMUM RATINGS (Ta = -10~+60C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — h7 


V 


V, 


Input voltage 




-0. 5 — hVcc 


V 


Vcc-Vo 


Voltage between supply and output 




-0. 5 — 1-35 


V 


Topr 


Operating temperature 




-10 — 1-60 


°c 


Tstg 


Storage temperature 




-40 — 1-125 


"C 


Pd 


Power dissipation 


Ta = 60°C 


800 


mW 


RECOMMENDED OPERATING CONDITIONS da = -10~+60C. unless otherwise noted) 


Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5 


6 


V 


Iseg 


Segment current 








-10 


mA 


Vo 


Output withstand voltage when output is off 








-25 


V 


ELECTRICAL CHARACTERISTICS (Ta= -10~+60°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ* 


Max 


V,H 


High input voltage 


Vcc = 4. 5~6V 


2 




Vcc 


V 


V,L 


Low input voltage 


Vcc = 4. 5~6V 


0 




0.6 


V 


l|H 


High input current 


Vcc = 6V 
V|H = 6V 


B C input 


0.5 


0. 75 


1.2 


mA 


Inputs other than B.C 






50 


/uA 


IlL 


Low input current 


Vcc = 6V 
Viu = OV 


B C input 






50 


UA 


Inputs other than B.C 


-280 


-400 


-650 


Iseg 


Segment output current 


Vcc = 5V, Vq = 2V, B.C pin is connected to Vcc 


-10 






mA 


■sik 


Segment leak current 


Vcc = 5V, Vo = -25V 






-50 


juA 


'cci 


Supply voltage 


Vcc = 6V, All inputs and outputs are open 




4 


8 


mA 



* : Typical values are at Ta = 25°C. 
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DESCRIPTION 

The M54886P is an Pl semiconductor integrated circuit 
consisting of a tape deck controller designed to control tape 
deck mechanisms and amplifier systems. 

FEATURES 

• Non-locking function keys can be used 

• Built-in timing circuit 

• Simultaneous depressing of a multiple number of input 
keys, depressing the keys too quickly and other incor- 
rect operations are dealt with 

• Easy configuration for timer operations for unattended 
recording, etc. 

• Easy configuration for PLAY -> REW, REW -> PLAY 
and other auto repeat operations 

• Direct drive possible for LEDs that indicate operational 
modes 

• Stop function in about 1.6s when power is switched on 

APPLICATION 

Tape decks and cassette recorders 

FUNCTION 

The M54886P is designed to control the operational 
sequence of a tape deck. The timing of the operations is 
controlled by the time which is determined by the RC 
elements making up the oscillator circuit. 

The output sequence is designed to correspond with the 
operational sequence of the mechanism, and since the 
timing is provided for the rec/pb switching signal and the 
muting signals as well as other amplifier control signals, the 
external circuitry can be simplified. 

Non-locking keys can be used for the function input 
keys and the desired operational mode is established simply 



PIN CONFIGURATION (TOP VIEW) 



PAUSE/ STOP— [T 
FF/PLAY-»[T 
REW/REC"— |T 
TIMER START — |T 

aDto — [T 

ANTl-REC — [T 
TIMING PIN T [T 
GND [S_ 



GO 
00 
O) 
H 



lH Vcc 
15]— RECOUT* 
14]— PAUSE OUT* 
T3]— PLAY OUT* 
T2]— MOTOR(F) OUT 
TT|— MOTOR (R) OUT 
lo]— BRK OUT* 
T|— MUTE OUT 



* : Open collector output 

Outline 16P4 



when one of the keys is depressed. A change can be made 
from one mode to another directly, and with a mode 
change from FF« REW ^ PLAY (REG) or vide versa, 
operation goes through the STOP mode for 0.4s (Note 1) 
automatically. Sufficient provision is made to deal with 
incorrect operation such as when a multiple number of 
input keys are depressed simultaneously or when the keys 
are depressed too quickly. 

Operation goes through the STOP mode lor 1.6s. (Note 
1) when the power is switched on, and it is possible to use 
the MUTE output as the muting signal when the power is 
switched on. Unattended recording, wake-up playback and 
other timer operations can be easily configured using the 
TIMER START pin. 



BLOCK DIAGRAM 



INPUT 



(R-S Flip Flop) 




INPUT I ^ 
CIRCUIT 



ANTI • REC 



s 

PAUSE 
R 




















lEAD 
tCUIT 






a: IX. 


^REW 




RARY 
TOR C 








^PLAY 




TEMI 
INHI 








^REC 







TIMING PIN 



OSCILLATOR 




400ms 




1 6s 


CIRCUIT 




COUNTER 




COUNTER 



o E 



I- o 

Q. f- 



(15) REC OUT 



OUTPUT 
CIRCUIT 



OUTPUT 
CIRCUIT 



^ PAUSE OUT * 
©PLAY OUT* 



OUTPUT 
CIRCUIT 



(12)M0T0R(F) OUT 



OUTPUT 
CIRCUIT 



OUTPUT 
CIRCUIT 



Ql) MOTOR (R) OUT 
@ BRK OUT* 
©MUTE OUT 



GND (8) 



* : OPEN COLLECTOR OUTPUT 
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(Note 1 : The time can be changed with the time constants 
of the RC elements. This is the same for the 
times which are mentioned below.) 

Table 1. Description of pins 





N3me 


Function 


1 


PAUSE/STOP 




Input pin that selects the PAUSE mode at high and STOP mode at low, open when no input 


2 


FF/PLAY 




Input pin that selects the FF mode at high and PLAY mode at low 


3 


REW/REC 


:tion inp 


Input pin that selects the REW mode at high and REC mode at low, the REC input is effective only when fed in 
together with the PAUSE or PLAY input 


4 


TIMER START 


c 

D 
LL 


Input pin that selects the operational mode when the power is switched on The PLAY mode is selected when kept 
high, the REC mode is selected when kept at low When left open, the STOP mode is selected 


5 


AUTO 


itrol 

3Ut 


Input pin that commands the PLAY ->• REW, REW PLAY, FF -> STOP mode changes by feeding in low-level 
pulses (TJ") 


6 


ANTI • REG 


^ E 

CJ 


Input pin for inhibiting recordings, when kept at low, the recording input is inhibited 


7 


T 




Externally mounted resistor/capacitor connecting pin for oscillator circuit 


8 


GND 




Ground 


9 


MUTE OUT 




Muting signal output, muting is effective at the high-level > 


10 


BRK OUT 




Reel disc brake signal output, brake is released at high 


11 


MOTOR(R) OUT 




Reel motor reverse rotation signal output 


12 


MOTOR(F) OUT 


D 

a 


Reel motor forward rotation signal output 


13 


PLAY OUT 


3 

o 


PLAY signal output, play solenoid drive signal 


14 


PAUSE OUT 




Recording signal output, signal that selects the amplifier's recording and playback 


15 


"RE^ OUT 




PAUSE signal output, pause solenoid drive signal 


16 


Vcc 




Supply voltage 



Table 2. Output states in each mode 



Output 

Mode 




MUTE* 


REC 




* 

BRK 






Notes 


PAUSE 


PLAY 


MOTOR(F) 


MOTOR(R) 


STOP 
mode 


H 


H 


H 


H 


L 


H 


H 


Stop 


FF 
mode 


H 


H 


H 


H 


H 


L 


H 


Fast forward 


REW 
mode 


H 


H 


H 


H 


H 


H 


L 


Rewind 


PLAY 
mode 


H 


L 


H 


L 


H 


L 


H 


Playback 


REC 
mode 


H 


L 


L 


L 


H 


L 


H 


Recording 


REG/PAUSE 
mode 


L 


L 


L 


H 


L 


H 


H 


Recording pause 


PAUSE 
mode 


L 


H 


H 


H 


L 


H 


H 


Pause 



Note *. * indicates high-level active output, others outputs are low-level active 
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DESCRIPTION OF OPERATION 
1. Operation timing 

In Fig. 1 the timing from the STOP to PLAY mode is tal<en 
as an example. 

About 50ms after the PLAY key is depressed, the play 
solenoid is attracted and 50ms later the reel motor starts to 
rotate and the brake is released simultaneously. Muting 
ceases to be effective 450ms after the operation and the 
sound is fed out from the amplifier. 

Even with other mode changes, the output timing is 
aligned with the mechanism timing. 

The output modes changes as shown in Table 3 when an 
input is applied. Timings during the changes are given in the 
timing chart. 

Table 3. Operations from output modes 



a 



BRAKE SOLENOID 



STOP 
MODE 



PLAY SOLENOID 



REEL MOTOR 



PLAY KEY IS DEPRESSED 



PLAY 
■ MODE 



0 0.1 0.2 0 3 0.4 0 5 



Fig.1 The timing from the STOP to PLAY mode 



Key input 
Present nnode \ 


STOP 


PLAY 


REC+PLAY 


FF 


REW 


PAUSE 


REC 
PAUSE 


AUTO 


STOP 
mode 




PLAY 
mode 


REC 
mode 


FF 
mode 


REW 
mode 


PAUSE 
mode 


REC/PAUSE 
mode 




PLAY 
mode 


STOP 
mode 




REC 
mode 


FF 
mode 


REW 
mode 


PAUSE 
mode 


REC/PAUSE 
mode 


REW 
mode 


REC 
mode 


STOP 
mode 






FF 
mode 


REW 
mode 


REC/PAUSE 
mode 


REC/PAUSE 
mode 


REW 
mode 


FF 
mode 


STOP 
mode 


PLAY 

mode 


REC 
mode 




REW 
^mode 






STOP 
mode 


REW 
mode 


STOP 
mode 


PLAY 
mode 


REC 
mode 


FF 
mode 








PLAY 
mode 


PAUSE 
mode 


STOP 
mode 


PLAY 
mode 


REC 
mode 


FF 
mode 


REW 
mode 




REC/PAUSE 
mode 




R EC/PAUSE 
mode 


STOP 
mode 


REC 
mode 


REC 
mode 


FF 
mode 


REW 
mode 









Note 1 indicates that the output mode does not change 

2 REC+PLAY and REC+PAUSE indicates that the two keys are depressed simultaneously 



2. Operation with multiple key depressing simultaneously 
and over fast depressing of keys 

Table 4 shows what happens when two input keys are 
depressed simultaneously. When the keys are released after 
having been depressed together, the mode designated by the 
key that was last released is established. Fig. 2 shows an 
example where the FF and REW input keys are depressed 
simultaneously. 



When the input keys have been depressed too quickly, a 
change is made to the mode based on the key that was 
depressed second after the mode has changed based on the 
key that was depressed first. 

The STOP mode is maintained for 0.4s when operation 
goes through this mode when the keys are depressed too 
quickly or two keys are depressed simultaneously. 



Table 4. Operation when two keys are pressed simultaneously 



Input 
1 nput^""""'~~~~>~...,...___^ 


STOP 


FF 


REW 


PLAY 


REC 


PAUSE 


STOP 




STOP 
mode 


STOP 
mode 


STOP 
mode 


mode 




FF 






STOP 
mode 




mode 


FF 

mode 


REW 








STOP 
mode 




REW 
mode 


PLAY 










mode 


mode 


REG 












REC/PAUSE 
mode 


PAUSE 















Note ^ indicates that no signal can be entered because of the configuration of the input circuits 
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PERIOD DURING WHICH FF KEY IS DEPRESSED 



FF INPUT 
REW INPUT 



OUTPUT 
MODE 



STOP 
MODE 



PERIOD DURING I 

WHICH REW KEY IS DEPRESSED 

J depressed! 



SIMULTANEOUSLY 



FF 
MODE 



STOP 
MODE 



REW 

MODE 



Fig. 2 FF and REW input keys depressed together 

3. Operation when power is switched on 

When the power is switched on, the STOP mode is 
established for about 1.6s and all inputs during this period 
are ignored. Subsequently, when the TIMER START input 
pin is open, the STOP mode is retained but when the pin 
has been to the high level, the PLAY mode is established 
automatically. When the pin has been set to the low, the 
REC mode is established automatically. The input signal 
cannot enter from the TIMER START input pin after that 
period. 




4. Operation based on AUTO input 

The AUTO input is normally open or high level is kept 
applied. When the tape-end or other signal is shaped into a 
pulse below 400ms and applied to the AUTO input, it is 
possible to order a change from the PLAY or REC mode to 
the REW mode, REW mode to PLAY mode and FF mode 
to STOP mode. 



Fig. 3 Oscillator circuit external connection diagram 




Fig. 4 Oscillation waveform 



5. Determining the RC time constants of oscillator circuit 

The operational timing inside the IC is determined by the 
clock pulses created by the oscillator circuit. 

Fig. 3 shows the external connections of the oscillator 
circuit while Fig. 4 shows the oscillation waveform. 

Oscillation is started by the input when the mode 
changes and after the operation it stops. 

The oscillation period is approximately defined by the 
following relationship: 

tosc = 0-7 Cext X (Rext + 5) (ms) 
(juF used for Cext units, k^2 for Rext units) 
Delay times Ti ^2 (see timing chart) for the output 

with respect to the input keys and stopping time T3 when 

the power is switched on are set as follows: 

Ti = 2 X tosc 

T2 = 16 X tosc 

T3 = 68xtosc 
If Tj is set to 50ms, T2 to 400ms and T3 to 1.6s 
typically, then tosc becomes 25ms which means that the 
RC constants are O.SSjuF for Cext and 100k^2 for Rext- 
Fig. 6 shows the relationship between Cext/^ext and tosc- 
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TIMING DIAGRAM 

KEY INPUT 



PAUSE 

MUTE 

REC 

PLAY 

BRK 

MOTOR(F) 



MOTOR(R) 



REC 

+ 

PLAY STOP FF STOP REW STOP PAUSE STOP PLAY STOP 
I j i i i I i I i I 



OUTPUT MODE 



STOP 



^J2 



STOP 



REW 



4ti 



PAUSE 



Ht2 



11 



REC 



HT1 
T1 



PAUSE 



REC 



PLAY 
BRK 



MOTOR (F) 



MOTOR(R) 



REC 

+ 



REC 



PAUSE STOP PLAY FF PLAY REW PLAY PAUSE PLAY PLAY 

i I I i i 1 i 1 i 

■"L 



OUTPUT MODE 




PLAY PAUSE PLAY FF REW FF PAUSE FF PLAY FF 

I i I I I I i I i i 



PAUSE 

MUTE 

REC 

PLAY 

BRK 

MOTOR(F) 
MOTOR(R) 



OUTPUT MODE 
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PAUSE 
MUTE 
"REC 



PLAY 
BRK 



MOTOR(F) 



MOTOR(R) 



OUTPUT MODE 



REC 



REC 



PAUSE FF REW PAUSE REW PLAY REW PAUSE REW PAUSE 



T1 



REC/ 
PAUSE 



REW 



I I I I 



jT1 



T2 



PAUSE 
I REW 



REC 



If— 



REW] 



T1 



-|T2 



REC/ 
PAUSE 
REW 



PAUSE 
MUTE 
REC 



PLAY 
BRK 



MOTOR(F) 



motor(r; 



REC 



REC 



REC REC REC 



PLAY PAUSE PAUSE PAUSE PLAY PAUSE PLAY 



Tl 



^T2 



OUTPUT MODE 



REC/PAUSE^ 
PAUSE REC 



T1 + T2 



PAUSE 

I REC/ 



Ht2 



Tl 



PAUSE 
REC 



REC/ 
PAUSE 
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INPUT/OUTPUT CIRCUITS 



Input 2 circuit (pin 



A/B O—Wf 




Vcc 



1/2 Vcc 



Input 1 circuit (pins 5, 6) 



I5k:^ 



Co-Wv- 



Vcc 



j~50/iA 



■ GND 



Open collector outputs (pins 10, 13~15) 



Output with pull-up resistor (pins 9, 11, 12) 



~2.1v- 



ni.2k 



3.51 




Oscillator circuit 



Cext 




osc 

START/STOP 



GND 



ABSOLUTE MAXIIVIUM RATINGS (Ta 



-10- — l-60°C, unless otherwise noted ) 



Symbol 


Parameter 


Condition 


Ratings 


Unit 


Vcc 


Supply voltage 




-0 5~+7.5 


V 


V| 


Input voltage 




-0.5~Vcc + 0.5 


V 


Vq 


Output voltage 


When output is high 


Vcc 


V 


Pd 


Power dissipation 




500 


mW 


Topr 


Operating temperature 




-10- +60 


°C 


Tstg 


Storage temperature 




-55~ + 125 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = -10~+60C, umess otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4 


5 


6 


V 


Rext 


External timing resistor for oscillator circuit 


20 


100 


200 
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ELECTRICAL CHARACTERISTICS CTa=25 C , unless otherwse noted ) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


T\/n* 




V|H 


High-level input voltage ("pins 5, 6) 




2 4 






V 


V|L 


Low input voltage (pins 5, 6) 








1 5 


V 


VjH 


High-level threshold voltage (pins 1 , 2, 3, 4) 






^ + 0 9 




V 


Vtl 


Low-level threshold voltage (pins 1,2,3,4) 






^-0 9 




V 


VioPi 


Input open voltage 


Pins 5, 6 


Vcc = 5V 


4.7 






V 


V|0P2 


Pins 1,2,3,4 


Vcc = 5V 


2.25 


2.5 


2.75 


V 


1 IH2 


High-level input current (pins 1 , 2, 3, 4) 


Vcc = 6V, V|H = 5.8V 




0.45 


0.7 


mA 


IlLI 


Low-level 
input current 


Pins 5, 6 


Vcc = 6V, V|L=0.2V 




-0.4 


-0.6 


mA 


1 IL2 


Pins 1,2,3,4 


Vcc = 6V, V|L-=0.2V 




-0.45 


-0.7 


mA 


Vol 


Low-level output voltage (pins 9, 10, 11, 12, 13, 14, 15) 


Vcc = 4V, loL=30mA 




0.2 


0.4 


V 


VoH 


High-level output voltage (pins 9, 10, 1 1 ) 


Vcc = 4V, loH=-0.4mA 


3.1 


3.4 


3.7 


V 


• cci 


Circuit current 


Vcc = 6V, STOP Mode 




6 


15 


mA 


•CC2 


Vcc = 6V, R EC/PAUSE Mode 




13 


20 


mA 


to 


Delay time 


Vcc = 5V,Rext=100kQ,Cext = 0.33//F 
(See test circuit figure) 


280 


400 


520 


ms 



* : Typical values are at Ta=25°C. 



TEST CIRCUIT 



Vcc 

? 1 V2VCC 

PLAY INPUT I 



■ VIL 



Rext< 



Cext : 



TIT 





PLAY 




PAUSE 1 




/STOP* 




00 
a> 


MUTE 










/PLAY 




T 





TTT 



PLAY OUTPUT 



MUTE OUTPUT 



to 



(VOLTAGE WAVEFORM) 

Note The time is measured until the change to the MUTE 
output from the PLAY output when the mode 
changes from STOP to PLAY. 
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APPLICATION EXAMPLE 



Vcc 



PAUSE 



I ffI rew] 

io IQ I 



Rs 



STOP 



PLAY 



REG 

\ 



T PLAYi 
OFFo*. 



H 4 . 

I 1 1 — — ' 

Rs 



Rs : IkQ max 
Ri : 2kfl 
Ci : O.Q^^F 



Vcc 



Ri 



i 4 



>Rext 



Cext 



RFC 

/STOP 

f^IL g PLAY 
/REC en 



TIMER 



START MOTOR(F 



AUTO MOTOR(R) 
BRK 
MUTE 



ANTI-REC 
T 



ACCIDENTAL 
T^ERASURET^ 

PREVENTION SWITCH 
AUTO REPEAT 



AUTO STOP 
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DESCRIPTION 

The M54910P is an I^L semiconductor intergrated circuit 
consisting of an F2F demodulator for magnetic stripe card 
readers. 

FEATURES 

• Low power dissipation (18mA typ) 

• Ignore bit select input (bits 2,8) 

• Open collecteor output 

• Wide operating temperature range Ta=— 20~+75°C 

APPLICATION 

Magnetic stripe card readers 

FUNCTION 

The data signal from a magnetic stripe card is read by a 
magnetic head and enters the M54910P via inputs HD-1 
and HD-2. The signal is analog processed by amplifier 
OPl , peak detector 0P2 and waveform regenerator 0P3 to 
demodulate the F2F pattern signal. The specific bit num- 
bers set by input BSL are ignored, and the data is digitally 
processed to output card loading signal CLS, demodulated 
clock signal RCL, and demodulated data signal RDP. 
CLS becomes low when two rising and falling edges of the 
F2F pattern signal RDD are counted (eight if BSL is high). 
If no input data is detected for a specified period, CLSre- 
turns to high. RCL is a clock signal whose period corres- 



PIN CONFIGURATION (TOP VIEW) 



RESET INPUT RST 

F2F PATTERN I/O RDD**[F 

PEAK SENSE pqf> FT 

OUTPUT LI 

PEAK SENSE FT 

INPUT LI 

AMPLIFER AKiiD IT" 
OUTPUT AMP [5_ 

AMP (+) INPUT HD2-^^ 

AMP(-) INPUT HD1 -^[7 

GND GND [T 



u 


m 


Vcc 


POWER SUPPLY 




m 


RX 


OSCILLATOR 
RESISTOR 


M54910I 




CXI 


OSCILLATOR 
CAPACITOR 


m 


CX2 


OSCILLATOR 
CAPACITOR 


IB- 


BSL 


IGNORE BIT 
SELECT INPUT 


u 


HI- 


CLS 


CARD LOADING 
SIGNAL OUTPUT 






RDP 


READ DATA 
PULSE OUTPUT 






RCL 


READ CLOCK 
OUTPUT 



Outline 16P4 



ponds to Tb, the duration of one data bit when the card 
speed is constant. 

If Ten is the duration of a particular bit, RCL will be high for 
a period of 2/3 Ten-l- When the bit value is 1 , RDP is set 
low by the timing of RDD. In other words, while RCL is 
high, it can respond to a change of state in RDD. This 
means that even if the card speed changes, (typically 10~ 
150cm/s) where Ten satisfies the following formula. 

2/3 TBn-l<TBn<4/3TBn 

The Tb is counted by the oscillator period Tosc- 



BLOCK DIAGRAM 

r 



AMPLIFER PEAK SENSE PEAK SENSE 
OUTPUT INPUT OUTPUT 

-AMP(T)- (? 

PSI 



AMP(-) INPUT 
AMP( + ) INPUTI 





OSCILLATOR 
RESISTOR 

Cxi 

OSCILLATOR 
CAPACITOR 

OSCILLATOR 
CAPACITOR ^ ^ 



Bit Counter 



Timing 
Generator 



BSY F 
Timin 


^eset 

g 








Masking 
Flip Flop 



Bit Interval Counter 



Masking Counter 



CLS 

JSrv_/i^CARD LOADING 
"V^ ^SIGNAL 
T OUTPUT 



JSo_-/m^READ DATA 

^ii^ PULSE OUTPUT 



READ CLOCK 
OUTPUT 
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I/O CIRCUIT CHART 



INPUT CIRCUIT 



RST 0-AMH4- 

RDD 
BSL 



^ Vc, 



GND 



OUTPUT CIRCUIT 



Vcc^ 



GNDf 




PIN DESCRIPTION 



pin number 


Symbol 


Name 


Description 


1 


RST 


Reset input 


Resets when low When not used, reset is performed as required by internal 
logic 


2 


RDD 


F2F pattern I/O 


Monitor input/output of F2F pattern reformed magnetic head signal. 


3 


PSO 


Peak sense output 


A resistor and capacitor are connected in parallel between PSI and PSO to 
set the negative feedback impedance of the peak sense circuit. 


4 


PS! 


Peak sense input 


Refer to PSO and AMP 


5 


AMP 


Amp output 


A resistor and capacitor are connected between PSI and AMP to set the 
peak sense circuit 


6 


HD2 


Amp ( + ) input 


The magnetic head is connected between HDl and HD2 


7 


HDl 


Amp ( — ) input 


Same as above 


8 


GND 


GND 




9 


RCL 


Read clock output 


Clock output after F2F demodulation 


10 


RDP 


Read data pulse output 


Data output after F2F demodulation 


11 


CLS 


Card loading signal output 


Becomes low while a card is running 


12 


BSL 


Ignore bit select input 


2 bit are ignored when low, 8 bits when high 


13 


CX2 


Oscillator capacitance 


A capacitor is connected between CXI and CX2 to set the oscillator 
freqency 


14 


CXI 


Oscillator capacitance 


Same as above 


15 


RX 


Oscillator resistance 


A resistor is connected between Vcc and RX to set the oscillator current 


16 


Vcc 


Power supply 
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TIMING DIAGRAM 



BSL 
RSf 

HDl- 
HD2 

RDD 

CLS 

RCL 

RDP 



UT-h 



RESET 2 BITS DATA 
PERIOD ARE 0 
IGNORED 



LTL' 



ITL 



L~L~L-l 



APPROXIMATELY 12,300 Tosc 
{approx 24. 6ms when toso is 500kHz) 



^ (Recording density : 210 BPI, when card speed is lOcm/s and Tb„ is approx 1.2ms.) 
(Recording density : 210 BPI, when card speed is 150cm/s and Tb„ is approx 80,«s ) 



ABSOLUTE MAXIMUM RATINGS (Ta^ 20~+75r , unless othen«ise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 




-0. 5 1-6 


V 


V, 


Input voltage 


RSf, PDD, BSL 


-0. 5~Vcc 


V 


Yo 


Qutput voltage 


When CLS, RDP and RCL are high 


-0. 5~Vcc 


V 


Pd 


Power dissipation 




150 


mW 


Topr 


Operating temperature 




-20—1-75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 
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RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4. 5 


5 


5. 5 


V 


V,H 


High-level input 
voltage 


RSf , RDD. BSL 


2 




Vcc 


V 


V,L 


Low-level input 
voltage 


RST, RDD, BSL 


0 




0.8 


V 


loL 


Low-level output 
current 


CLS, RDP, RCL 






16 


mA 


VoH 


High-level output 
voltage 


When CLS, RDP and 
RCL are high. 






Vcc 


V 


V.D 


Differential input 
voltage 


HD1, HD2 


2.5 




80 


nnVpp 




Input frequency 


HD1, HD2 


U. H 




20 


kHz 


fosc 


Oscillator frequency 


Tosc ^ 2RxCx 








kHz 


Rx 








15 




kn 


Cx 




When recording density 
is 210 BP! 




68 




PF 


Cps 




When recording density 
IS 210 BP! 




0. 022 




/^F 


Cnf 




When recording density 
IS 210 BPI 




1000 




pF 


Rnf 




When recording density 
IS 210 BPI 




680 




kn 



ELECTRICAL CHARACTERISTICS (Ta 20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Test 
circuit 


Limits 


Unit 


Mm 


Typ 


Max 


Ice 


Circuit current 


Vcc 


Vcc=5. 5V, ViN=80mVpp, fiN=20kHz 


1 






25 


mA 


l|L 


Low-level input current 


RST, RDD, BSL 


Vcc=5. 5V, V,L=0. 4V 


5 


-50 




-200 


fJ.fK 


l|H 


High-level input current 


RST, RDD, BSL 


Vcc=5. 5V, ViN=5. 5V 


5 






40 


mA 


Vol 


Low-level output voltage 


CLS, RDP, RCL 


Vcc=4.5, loL=16mA 


6 






0.4 


V 


loL 


High-level output current 


CLS, RDP, RCL 


Vcc=5.5V, VoH=5.5V 


6 






200 


mA 


R|N 


Input resistance 


HD1, HD2 


Vcc=5V, JV|N=40mV 


3 


1.7 




4.2 


kn 


Vr 


Reference voltage 


AMP 


Vcc=5V 


4 


2. 25 




2. 75 


V 


Gvi 


Voltage gain 1 


Amplifier curcuit 


Vcc=5V„ V,N=80mVpp, f|N=1kHz 


2 


24 




30 


v/v 


Gv2 


Voltage gam 2 


Amplifier circuit 


Vcc=5V, ViN=80mVpp, f|N=20kHz 


2 


21 




30 


v/v 


Vqpp 


Maximum output voltage 


Amplifier circuit 


Vcc=5V, fiN=20kHz 


2 


2.6 






Vpp 


ilB 


Input bias current 


PSI 


Vcc=5V 


3 






-0.2 


/uA 


VCL 


Clamp voltage 


Peak sense circuit 


Vcc=5V, ViN=80mVpp, f|N=1mkHz 


1 


0.8 




2.4 


Vpp 


Vth 


Threshold voltage 


Waveform regenerator 
circuit 


Vcc=5V 


4 


±0.15 




±0. 26 


V 


DF 


Duty factor 


Peak sense circuit 


Vcc=5V, V|N=2.5mVpp, f|N=1kHz 


1 


40 




60 


% 


*osc 


Oscillator frequency 


Oscillator circuit 


Vcc=5V, Rx=15kn, Cx=68pF 


4 


380 




600 


kHz 


Tdi 


Delay time 1 




Vcc=5V 


7 






Tosc+2 


/^s 


Td2 


Delay time 2 




Vcc=5V 


7 






3Tosc+2 




Td3 


Delay time 3 




Vcc=5V 


7 






3Tosc+4 


//s 


Tcl4 


Delay time 4 




Vcc=5V 


7 






12294Tosc 
4-0.5 


/iS 
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APPLICATION EXAMPLE 



RST I> 



■©-Vc 




CLS 



i> RDP 



i> RCL 



Note : The following procedure allows RDD to be used as an input 

1 ) Shout circuit HDl and HD2. 

2) Leave AMP and PSO open 

3) Connect resistor Rps (SkHto 50ka ) between PSI and GND. 
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TEST CIRCUIT (Rx=15kn, Cx=68pF, Cps=0.022;c^F. Cnf=1000pF, RNF=680kn, unless otherwise noted) 
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. 1,1.. I,H TEST 




c— PSI BSL 



• Vol. Ioh TEST 



Pattern 
Gene 



24k ^ 







RST 




RDD 


Cxi 




Cx2 


PSI 


BSL 




CLS 




RDP 




RCL 



^Rx 



777 

^ Apply the appropriate pattern to set 
the test pin either high or low. 




' Tdi, Tcl2. Td3, Td4 TEST 



RDD 

RCL 
RDP 



r 

I 
I 

IT 




-Td4 
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DESCRIPTION 

The M54914FP is a Bi-CMOS semiconductor integrated cir- 
cuit consisting of an F2F demodulator for magnetic stripe 
card readers. 

FEATURES 

• Low power dissipation (standby current 1mA typ) 

• Ignore bit selector input (bits 4, 8, 16) 

• Output polarity (low-active, high-active) selector input 

• Compact mini-molded pacage 

• Wide operating temperature range Ta=— 20 — |-75°C 

APPLICATION 

Magnetic stripe card reader 

FUNCTION 

The data signal read from a magnetic stripe card by a 
magnetic head is applied to HD-1 and HD-2. It is con- 
verted to an F2F pattern signal by analog processing in an 
amplifier 0P1, peak detector 0P2, and waveform regulator 
OPS. The bit numbers set by inputs IB1 and IB2 are 
ignored and the data receives digital processing to gener- 
ate the card lording signal CLS, read clock signal RCP, 
read data signal RDD and error signal ERR (shared by INV 
pin) . Outputs CLS, RCP and RDD are changed from low- 
active to high-active when INV is set low. 

• Reference bit 

N is the number of bits ignored by inputs IB1 and IB2. 



PIN CONFIGURATION (TOP VIEW) 



READ CONTROL 



LDI — 



INPUT 
READ CONTROL y^Q| _ 
INPUT 

F2F OUTPUT F2F'» 
PEAK DETECTOR 
OUTPUT PKO '* 

PEAK DETECTOR 
INPUT " 
AMPLIFIER ^ 
OUTPUT 
AMPLIFIER (-)^ 
INPUT 

AMPLIFIER ( + )^ 
INPUT 
REFERENCE . 
VOLTAGE 
OUTPUT 



^HD2- 
^HDI - 
' VRF<» 
GND 




Vcci POWER SUPPLY 

Vcc2 POWER SUPPLY 

CAPACITANCE 
CXI FOR OSCILLATION 



CX2 



CAPACITANCE 



11 

Tt] vy/x^ OSCILLATION 
TeJ-^IBI IGNORE BIT 1 
25]'^IB2 IGNORE BIT 2 

771 ....w INVERT INPUT AND 
T4J— INV ERROR OUTPUT 

13]-* CLS 

Til— RDD READ DATA 
— I OUTPUT 
"iTI RCP READ CLOCK 
— ' OUTPUT 



CARD LOADING 
SIGNAL OUTPUT 



Outline 20P2 



The reference bit is the bit from the Nth flux change to the 
Nth + 1 flux change when input LDI changes from low to 
high and time width Tbq is bit 0. The bits following this re- 
ference bit are treated as data bits. 

When an error signal ERR is output, that bit becomes the 

reference bit. 

• Logic determination 

Tbn is the time width of a data bit. If a "1" flux change is 
found between the flux change at the end of one bit (the 
beginning of the next bit) and 5/7 Tbn, the next bit (Bn+i) 



BLOCK DIAGRAM 



PEAK 

AMPLIFIER DETECTOR 
OUTPUT INPUT 
AMP PKI 



PEAK 

DETECTOR 
OUTPUT 

RKO 



AMPLIFIER (-) unpi 
INPUT "^^ 



AMPLIFIER ( + ) 

INPUT 

REFERENCE 

VOLTAGE 

OUTPUT 



HD1C8> 

vrfO 



READ CONTROL 
INPUT ACIC2> 
READ CONTROL 
INPUT LDlCD 



CAPACITANCE 
FOR 

OSCILLATION CX20 
CAPACITANCE 
FOR CX1 Q 

OSCILLATION 




0P3 



CONTROL CIRCUIT 




11 -BIT DOWN COUNTER 



11 -BIT UP COUNTER 



I POWER 
SUPPLY 

, POWER 
SUPPLY 



IGNORE BIT1 
IGNORE BIT 2 



4) INV INVERT INPUT 
^ AND ERROR 
OUTPUT 

CARD 
LOADING 
3) CLS OUTPUT 

READ DATA 



RDD 



OUTPUT 



fhRCP READ CLOCK 
QUTPUT 



— (j^ GND 
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Is determined to be 1 ; if no flux cliange Is found, the bit is 
determined to be 0. If two flux changes are found, error 
signal ERR is output. 
• Time width of the output signal 



When the oscillation period of the oscillator is Tosc» 

the 

output signals have the following widths ; 

• Output pulse width of RCP, ERR approx. 16Tosc 

• RCP delay time width respect to RDD - approx. 8Tosc 



I/O CIRCUIT 



IB1, IB 2 INPUT CIRCUIT 



INV I/O CIRCUIT 



IB1 
IB2 



H 



MB 



GND 



INV 



H! 




CLS, RDD, RCP OUTPUT CIRCUIT 

Vcc Vcc i 



HE 
HE 



GND GND h 



CLS 
-ORDD 
RCP 



PIN DESCRIPTION 



Pinnumber 


Symbol 


Name 


Description 


1 


LDI 


Read control input — 


Comparator input with hysteresis. When low, it resets the internal digital cir- 
cuit. When high, F2F demodulation is possible. 


2 


AC! 


Read cotrol input 


Read control input connected to LDI using a diode. 


3 


F2F 


F2F output 


F2F signal output magnetic head signal after amplification, peak detection 
and waveform regulation. 


4 


PKO 


Peak detector output 


Noise filter Cnf is connected between PKI and PKO. 


5 


PKI 


Peak detector input 


Refer to PKI, PKO and F2F. 


6 


AMP 


Amplifier output 


Resistance RPK and capacitance CPK are connected between AMP and 
PKI. 


7 


HD2 


Amplifier (— ) input 


The magnetic head is connected between HD1 and HD2. 


8 


HD1 


Amplifier (+) input 


The magnetic head is connected between HD1 and HD2. 


9 


VRF 


Reference voltage output 


1/2 Vcc reference voltage output 


10 


GND 


GND 




11 


RCP 


Read clock output 


Clock pulse output after F2F demodulation 


12 


RDD 


Read data output 


Data output after F2F demodulation 


13 


CLS 


Card loading signal output 


signal output to indicate a running card 


14 


INV 


Invert input and error 


When high or open, CLS, RDD and RCP outputs become low-active , when 
low, CLS, RDD and ROD become high-active 
Shared with error output pm ERR 


15 


IB2 


Ignore bit 2 


Pin to set ignore bits 


16 


IB1 


Ignore bit 1 


Pm to set ignore bits 


17 


CX2 


Capacitance for oscillation 


Capacitance Cqsc is connected between CX1 and 0X2 to set the oscillation 
frequency 


18 


CXI 


Capacitance for oscillation 


Capacitance Cqsc is connected between 0X1 and 0X2 to set the oscillation 
frequency. 


19 


VcC2 


Po\Ner supply 


Power supply pin for digital circuit. Supply voltage is Vcc 


20 


Vcci 


Power supply 


Power supply pin for analog circuit Supply voltage is Vcc (same as Vcc 2). 
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SETTING AND TIMING OF IGNORE BITS USING IB1 AND 182 



IB2 input 


IB1 input 


ignore bit number 


Description 


L 


L 


4 


• Wlien LDI input is, low, tiie internal digital circuit is reset 

• LDI input can always be liigh 

• Witli tlie low-active setting, output CLS becomes low after flux changes (state clianges of F2F) corres- 
ponding to tlie number of ignored bits have been counted , CLS becomes high when the BIG (bit interval 
count) is fully counted. 


L 


H 


8 


H 


L 


16 


H 


H 


2 


* When input LDI is low, the internal digital circuit is reset. 

• Output CLS IS determined by the timing of input LDI. 



OIB2. IB1 : "L", "L" OIB2, 181 : "H", "H" 

REFERENCE BIT 

X ^ 2 3 V-H oT 

XI 



F2F 

I I F2F 



I I 



BIC ' ' n LDI 
FULL C OUNT \ | | | ^.^S 



CLS 



I- -J 

APPROXIMATELY 14300 x Tqsc 



OPERATIONAL TIMING DIAGRAM 



LDI 

(5/7) 
INV 
CLS" 

RCP 
RDDi 

HD2 

-HD1! 
F2F 



LDI 

(5/7 )r 

INV 



IBg. IB1 : "L". "L 




LOGIC 



DETERMINATION SIGNAL . F l M Fl Firi p pFjl fH PI j 



• ' i ! I ! i ' ni n't n « n i 1 H t I 1 ! 1 r Ti^ 
; RDD OUTPUT IS DELAYED BY ONE BIT WITH RESPECT TO F2F DATA. 




i-im 



TT 

ERROR OUTPUT ERR i 



CLS' 

pcp.xrnf 

RDdI—tt — 



"jU ; ; ; ; ionu 7nuiininJ^ 

"i 0 i i o; 0 Lun ^ ' M 0 ! 0 



ERROR DETECTION 
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ABSOLUTE MAXIMUM RATINGS (Ta^ 20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0- 3 — 1-7. 0 


V 


V, 


Input voltage 


LDI, IB1, IB2 


-0. S-Vcc+O. 3 


V 


Vo 


Output voltage 


INV, CLS. ROD, RCP 


-0. 3~Vcc4-0. 3 


V 


1, 


Input current 


ACI, LDI, IB1, IB2 


-10~-f-10 


mA 


lo 


Output current 


INV, CLS, RDD, RCP 


-10—h10 


mA 


V,D 


Differential input voltage 


Between HD1 and HD2 


-0. 6 — hO. 6 


V 


Topr 


Operating temperature 




-20 — h75 


r 


Tstg 


Storage temperature 




-55— hi 25 





RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C,tjnless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc (Notel ) 


Supply voltage 


VcC1. VcC2 


4.0 


5 


6.0 


V 


V, 


Input voltage 


LDI 


0 




Vcc 


V 


V,H ( Note 2 ) 


High-level input voltage 


IB1, IB2 


0. 7Vcc 




Vcc 


V 


V,L 


Low-level input voltage 


IB1, IB2, INV 


0 




0. 3Vcc 


V 


VoH 


High-level output voltage 


INV, CLS. RDD, RCP 






Vcc 


V 


•OL 


Low-level output current 


INV, CLS, RDD, RCP 






5 


mA 


V,N 


Differential input voltajge 


HD2-HD1 


3 




80 


mVpp 


fiN 


Input frequency 


HD2-HD1 


0.3 




15 


kHz 


fosc 


Oscillation frequency 




0.2 




2 


MHz 


Cose (Notes) 








33 




pF 


RpK (Note 3 ) 








470 




a 


CpK (Note 3 ) 








0. 033 






Cnf (Note 3 ) 








470 




pF 


RpF (Note 3 ) 








4.7 




Mfl 


Cvc (Note 4 ) 








0. 1 




/"F 


CvR (Note 4 ) 








1 




/^F 



Note 1 . Vcci and Vcc2 ar© equal. 

2 . A high input voltage cannot be applied externally as the INV pin is used for both input and output. 

3 . Reference value at 210BPI 

4 . Reference value 

5 . Typical values are at Ta = 25°C . 
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ELECTRICAL CHARACTERISTICS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Test codltlons 


Test 
circuit 


Limits 


Unit 


Min 


Typ 


Max 


Vth 


Threshold voltage 


IB1, IB2, INV 


Vcc=5V 




0. 3Vcc 




0. 7Vcc 


V 


Vol 


Low- level output voltage 


INV, CLS, HDD 
RCP 


Vcc=4V 


' loL=10yUA 


0 






0. 2 


V 


loL=5mA 


2 






0. 4 


V 


VOH 




High-level output voltage 


INV, CLS, RDD 
RCP 


Vcc=4V 


loH=-10/iA 


0 

£. 


3. 5 






V 


Ioh=-100a/A 


2 


2. 8 






V 


I|L 


Low-level input current 


IB1, IB2 


Vcc=6V, V|=l. 8V 


c 


— 10 




+10 


//A, 


1 

"IL 


Low-level input current 


INV 


Vcc— 6V, V|=1 . 8V 


2 


—40 






mA 


l|H 


High-level input current 


181, IB2 


Vcc=6V, Vi=4. 2V 


2 


— 10 




+10 




VREF 


Reference voltage 


VRF 


Vcc=5V, V|N=OmVpp 


1 


2. 3 


2. 5 


2. 7 


V 


CI 


Voltage gain 1 


0P1 


Vcc=5V, f|N=lkHz, V|N=80mVpp 


0 


18 


20 


24 


V/V 


<JIV21 


Voltage gam 2 


0P1 


Vcc=5V, fiN=15kHz, ViN=80mVpp 




18 


20 


24 


V/V 


D 

r\|N1 


Input resistance 


0P1 


Vcc=5V. fiN=1l<Hz, V,N=80mVpp 




6 


10 


15 


kn 


V0PPI 


Maximum output voltage 


0P1 


Vcc=5V, fiN=lkHz, THDamp=5% 




2 






Vpp 


1 

MB2 


Input bias current 


0P2 


Vcc=5V 








0. 1 


A< A 


VcL+2 


Positive clamp current 


0P2 


Vcc=5V, ipKi=0. omA 




0. 5 




0. 9 


V 


VCL — 2 


Negative clamp current 


0P2 


Vcc— 5V, lpKi==0. 5mA 


A 
*f 


— 0. 9 




—0. 5 


V 


VtH+3 


Positive threshold voltage 


0P3 


Vcc — 3» 


C 


80 




150 


mV 


\/ 

VTH — 3 


Negative threshold voltage 


OPS 


Vcc=5V 


0 


—150 




-80 


mV 


VtH3 


Threshold difference voltage 


OPS 


VtH3— Vth+3~ Vth-3 I 


5 


— 30 




+30 


mV 


VoL3 


Low-level output voltage 


F2F 


Vcc=5V, VpKi=2V, If2f=0. 5mA 








0. 5 




VoH3 


High-level output voltage 


F2F 


Vcc=5V, VpKi=3V, lF2F=-0.5mA 




4. 5 






V 


Vf4 


Diode forward voltage 


0P4 


Vcc=5V, Vldi=OV, Iaci=0. 5mA 


g 


0. 55 




1 . 1 


V 


1 

'R4 


Diode reverse current 


0P4 


Vcc=5V, VuDi=5V, Vaci=OV 


g 


u. 0 








' IN4 


Input current 


0P4 


Vcc=5V, Vaci=OV, Vldi==OV 


g 


-0.5 








Vth +4 


Positive threshold voltage 


0P4 


Vcc=5V, Vaci=OV 


6 


1.6 


1.85 


2. 1 


V 


VtH-4 


Negative threshold voltage 


0P4 


Vcc=5V, Vaci=OV 


6 


1.2 


1.5 


1.7 


V 


VtH4 


Threshold difference voltage 


0P4 


Vcc=5V, Vaci=OV 


6 


0. 25 


0. 35 


0.5 


V 


Iccw 


Standby circuit current 




Vcc=5V, ViN=OmVpp 


1 




1.0 


1.4 


mA 


'CGR 


Operating circuit current 




Vcc=5V, V,N=80mVpp, fiN=5kHz 
fosc=ll^Hz 


1 




2.0 


3.0 


nnA 


fosc 


Oscillation frequency 




Vcc=5V, Cosc=33pF 


1 


0.6 




1.5 


MHz 


Tow 


Output pulse width 


INV, RCP 


Vcc=5V, fosc=1MHz 


7 


15 


16 


17 


JUS 


Tod 


Delay time between outputs 


RDD, RCP 


Vcc=5V, fosc=1MHz 


7 


7 


8 


9 


MS 


Tnw 


Input noise width 


INV 


Vcc=5V 


7 


2 






MS 



APPLICATION EXAMPLE 

When the 4th bit is ignored and the output is low-active 

^ ^ 5V 
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TEST CIRCUIT 



In the following figs., Cosc=33pF, RpK=470a, CpK=0, 033a/F, Cnf=470pF, Cvr=1a^F 



' Vref» Iccwi Iccr. fosc test 

Vcc 



V,N. f. 

Vref 



LDI 


Vcci 


ACI 


VcC2 


F2F 


CX1 


RKO 


CX2 


PKI 


IB1 


AMP 


182 


HD2 


INV 


HD1 


CLS 


VRF 


RDD 


GND 


RCP 



"Cose 



1 



^osc 



OSCILL- 
OSCOPE 



*OSC~ 1 



• Vol, Voh, Iih test 



Vcc 

-e- 



5kn 



LDI Vcci 

ACI Vcc2f— ' 

F2F CXI 

RKO CX2 

I-aaaHpki '^^ 

AMP IB2 
HD2 INV 

HD1 CLS 

VRF RDD 

^ ^GND R CP 



CLK 



CLK 



IlL l,H 



^ 1 




Note *. 181 and 182 must be connected to GND when these pins 
are not used for testing 



• Gvii, Gv2i. RiNii Voppi test 



• l|B2. VcL+2. VcL-2 teSt 




VoppiTiokn: 



LDI 


Vcci 




ACI 


VcC2 




F2F 


CX1 




RKO 


CX2 




PKI 
AMP 


IB1 
182 




HD2 


INV 




HD1 


CLS 




VRF 


RDD 




GND 


RCP 





Vm pko 

t® 

VreF2 



L(A>-^ 



c, 



LDI 
ACI 


Vcci 

VcC2 




F2F 


CX1 




RKO 


CX2 




PKI 
AMP 


181 
182 




HD2 


INV 


HD1 


CLS 




VRF 


RDD 




GND 


RCP 





V|N. f|N 



Gvii=- 



R|N1~~" 



2Vm 



Gvi1 • V|n_Vm AMP 



X10 (kn) 



VcL+2. VcL-2 — VmPKO~Vref2 

Note : Vref2 is Vmpko when Vcc=5V 
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• Vth+3. Vth-3, Vth3, Vols, Vqh test 



(When VoL3 and Voh3 \ 
are tested, this switch 
is turned on / 




LDI 


Vcci 


ACI 


VcC2 


F2F 


CX1 


PKO 


CX2 


PKI 


IB1 


AMP 


IB2 


HD2 


INV 


HD1 


CLS 


VRF 


RDD 


GND 


RCP 




Vth-|-3~VreF2~Vpk|- 
Vth-3'=VreF2~"Vpki+ 

Vth=Vth+3~ I Vth-3 I 

Note Vref2 is measured 
in test circuit 4 



' Towi Tod. Tnw t©st 



Vf4, Ir4, l|^44, Vth+4, Vth-4. Vth14 tOSt 



/Switched when 
liN4 I Ir4 Is used 



V V 

Vldi VaciI 7* 

I 




Vcc 



LDI 

ACI 

F2F 

PKO 

PKI 

AMP 

HD2 

HD1 



Vcci 

VCC2 

CXI 
CX2 
IB1 
182 
INV 
CLS 



VRF RDD - 
GND RCP - 



/Switched ' 
' when 

Vth+4 

and 

Vth-4 
\ are tested/ 




Vth4 — VTH-f4"~VT| 



DC 
O 



1= 
< 
Q. 

o 

(D 
O 



5k n 



LDI 


Vcci 


AC! 


VcC2 


F2F 


CX1 


PKO 


CX2 


PKI 


IB1 


AMP 


IB2 


HD2 


INV 


HD1 


CI.S 


VRF 


RDD 


GND 


RCP 



H4- 



W INvTj-pTc 



ERROR OUTPUT 
INV 



"Tod 



CLK 



fosc 

DUTY CYCLE 

50% 



NOISE INPUT 



Tnw is the maximum time width of negative noise 
entering the INV Input which Is not considered to 
be an INV input 



OSCILL- 
OSCOPE 



A. 

^ I Switched on when\ 
\ Tnw is tested ) 
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DESCRIPTION 

The M54927P is a semiconductor integrated circuit consist- 
ing of a PLL frequency synthesizer for use in AM/FM elec- 
tronically tuned radio receivers. It makes use of ECL-IIL 
process to enable high density and low power consumption. 
It contains an FM Prescaler allowing the direct input of the 
local oscillator frequency signal. 

The base frequency is provided by a 4.5MHz crystal 
oscillator. 

FEATURES 

• Built-in FM high-speed prescaler (fmax=130MHz) 

• Low power consumption ( Ice = 20mA, typical at Vcc = 
5V) 

• Reference frequency selectable from eight values 
( 1 0OK, 50K, 25K, 1 2.5K, 1 0K, 9K, 5K, 1 K) 

• Modulo-2 swallow counter in FM mode (prescaler ratio 
1/32, 1/33) 

• Wide range of division ratios (FM = 1024~ 65535, AM= 
32—2047, binary coded) 

• Built-in 4.5MHz crystal oscillator (only two external com- 
ponents required) 

• PLL lock/unlock status output 

• AM/FM mode control output 

• High sensitivity AM/FM local oscillator frequency input 
with built-in amplifier (FM: 160mVp.p at 130MHz, AM: 
lOOmVp.p at4MHz) 

• Serial data input 



PIN CONFIGURATION (TOP VIEW) 



RESET PULSE 
INPUT 
CLOCK PULSE 
INPUT 
FM LOCAL 
OSCILLATOR INPUT 
FM REFERENCE 
BIAS 
AM LOCAL 
OSCILLATOR INPUT 



CPS — 



refpM — 



AM REFERENCE refAM " 
BIAS 

DATA INPUT SI - 
QND 




- X-IN I CRYSTAL 

OSCILLATOR 

- X-OUT 1 INPUTS 

NC 

AM/FM MODE 
.►AM/FM SWITCHING 
OUTPUT 
Lock LOCK DETECTOR 
OUTPUT 
► PD PHASE DETECTOR 
OUTPUT 

- Test TEST INPUT 



Outline 16P4 



NC : No connection 



APPLICATION 

AM/FM Radios 



BLOCK DIAGRAM 



SI (7) 

CPS (2) 



1/5 DIVIDER 




NC 

-6^ 



REFERENCE FREQUENCY 
DIVIDER 



^2 



1/A DIVIDER 
(BINARY 5 BIT) 



REFERENCE 
FREQUENCY 
SELECTOR 



1/N PROGRAMMABLE 
DIVIDER 
(BINARY 11 BIT) 



- 11 



fiN/N I * 



DATA LATCH (20 BIT) 



20 



SHIFT REGISTER(20 BIT) 



20 PULSE 
COUNTER 



Latch SIGNAL 



9) Test 




12) AM/FM 
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PIN DESCRIPTION 



No. 


Symbol 


Name 


Description 


1 


Reset 


Reset pulse input 


20 pulse counter reset pulse input 


2 


CPS 


Clock pulse Input 


Shift register clock pulse input 


3 




FM local oscillator input 


Direct input enable (fmax~ ''30MHz) 
Built-in amplifier (input sensitivity 160mVp.p) 


4 




FM reference bias 


Grounded through lOOOpF capacitor 


5 




AM local oscillator input 


Built-in amplifier (input sensitivity lOOmVp.p) 


6 


refAM 


AM reference bias 


Grounded through lOOOOpF capacitor 


7 


SI 


Data input 


Serial data input 


8 


GND 


Ground 


OV 


9 


Test 


1 est input 


Normally, set to the low-state. 

When it is in the high-state, pin 10 (PD) becomes the reference frequency 
output and pin 11 (Lock) is the programmable divider output. 


1 0 


PD 




Tri-state output. 
• high-2 


11 


Lock 


Lock detector output 


High-state when PD is high-Z. 
Low-state when PD is high or low state. 
Open collector output 


12 


AM/FM 


AM/FM mode switching output 


Low for FM and High for AM 
Open collector output 


13 


NC 




No connection 


14 


X-OUT 


Crystal oscillator inputs 


4 5MHz Crystal 


15 


X-IN 


16 


Vcc 


Power supply 


4.5~5.5V 



DESCRIPTION OF OPERATION 

1 . Data Input 



Reset 



CPS 



Note 1 



(D20) (D19) (Die) (D3) (D2) (Di) IGNORED 

:::DacDCDc::::::::xi)ci)CDac::::::: 
ij— u"- u inriru 

After the reset input goes low, 20 bits of data are read by means of 20 CPS input pulses 
(negative edge triggered). 

When the reset in put is high, CPS input pulses and SI Input data are ignored 

After the twentieth CPS input puls e goes low, all date( Divide ratio. Mode and Reference frequency)are simultaneously set. 
Date for the 21 and following CPS input pulses are Ignored. 



Reset 



CPS 



XI EFFECTIVE | \/ 



, tsu I th 
^ *t* 



X 



tsu=th=twH=twL=10/^Smin. 
tRc=tcR=20/^Smin. 
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2 . Data Coding 



LSB 



MSB 



SHIFT REGISTER 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 1 14 

f 


15 


16 


17 


18 


19 


20 



SWALLOW COUNTER DIVIDE 
RATIO A SETTING 



MAIN COUNTER DIVIDE 
RATIO N SETTING 



2° 2"* 2^ 2^ I 2^ 



20 2^ 2^ 2^ 2^ 2^ 2^ 2^ 2^ 2® 2 



SELECTION OF REFERENCE 



FREQUENCIES AND AM/FM MODES 



Da Db Dc Dd 



Note 4 : For FM mode, the programmable divider acts as a Modulo-2 swallow counter. The divide ratio is determined by the main counter divide 
ratio N (binary 11 bit) and the swallow counter divide ratio A (binary 5 bit). Overall divide ratio M is determined by M=A+32N. 

5 : For AM mode, the programmable divider acts as a normal presettable counter. The divide ratio is given by N (binary 11 bit). For this 

mode, the swallow counter divide ratio A is ignored. 

6 The selection of reference frequencies and AM/FM modes is as described in Table 1. 



Table 1 . Reference frequency and AM/FM mode 
selection 



Data 


Mode 


Reference 
frequency 


Test="H" (Note 7) 


Da 


Db 


Dc 


Dd 


PD 


Lock 


L 


L 


L 


L 


FM 


100k 


100k 


fpM/M 


H 


L 


L 


L 


FM 


50k 


50k 


fpM/M 


L 


H 


L 


L 


FM 


25k 


25k 


fpM/M 


H 


H 


L 


L 


FM 


12.5k 


12.5k 


fpM/M 


L 


L 


H 


L 


FM 


10k 


10k 


fpM/M 


H 


L 


H 


L 


FM 


9k 


9k 


fpM/M 


L 


H 


H 


L 


FM 


5k 


5k 


fpM/M 


H 


H 


H 


L 


FM 


Ik 


Ik 


fpM/M 


L 


L 


L 


H 


AM 


100k 


100k 


fAM/N 


H 


L 


L 


H 


AM 


50k 


50k 


fAM/N 


L 


H 


L 


H 


AM 


25k 


25k 


fAM/N 


H 


H 


L 


H 


AM 


12.5k 


12.5k 


fAM/N 


L 


L 


H 


H 


AM 


10k 


High 


fAM/N 


H 


L 


H 


H 


AM 


9k 


Low 


fAM/N 


L 


H 


H 


H 


AM 


5k 


HIgh-Z 


fAM/N 


H 


H 


H 


H 


AM 


Ik 


HIgh-Z 


900k Hz/N 



Note 7 *. When pin 9 (Test) is set to high-state, pin 10 (PD) is the ref- 



erence frequency output and pin 11 (Lock) is the programm- 
able divider output 
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3 . Data Coding Example 

(1)AM mode, Reference frequency 10KHz, N=207 

• LSB 



MSB 



SHIFT REGISTER DATA 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 




X 


X 


X 


X 


X 


H 


H 


H 


H 


L 


L 


H 


H 


L 


L 


L 


L 


L 


H 


H 




SWALLOW COUNTER 
DIVIDE RATIO A 
IGNORED X : "H" or "L" 

\ 


MAIN COUNTER DIVIDE RATIO N SETTING 
N=2O+2^+22+='+2«+2'=207 


AM MODE 
REFERENCE 
FREQUENCY 
lOKHz IS 
SELECTED 



Reset 



CPS 



DATA 



1 



D20 



1 



Di 



JUULRJLnJUUUUL^^ 



OLD DATA HELD 



NEW DATA 
SETTING 



Note a: If the PLL goes Into lock, fAM=1 OX 207=2070KHz 
(2) FM Mode, Reference frequency 25KHz, N=2972 

LSB 



MSB 



SHIFT REGISTER DATA 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


L 


L 


H 


H 


H 


L 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


L 


H 


L 


L 


SWALLOW 
COUNTER 
DIVIDE RATIO 
A SETTING 

A=22+23+2^=28 


MAIN COUNTER DIVIDE RATIO N SETTING 
N=224-23+2*+2^=92 


FM MODE 
REFERENCE 
FREQUENCY 
25KHZ IS 
SELECTED. 



Reset 



CPS 



DATA 



"1^ 



D20 



n 



JTJ 



1_J L 



Di 



JUUUUULfUUlJU^^ 



OLD DATA HELD 



Note 9 : Overall divide ratio M is given by M=A-|-32N=28+32X92=2972. 
10 : If the PLL goes into lock, fFM=25X2972=74300MHz 

=74.3MHz. 



NEW DATA 
SETTING 
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4 . PD and Lock signal Output 



Reference 
Frequency(fR) 

Programmable 
divider output(f|N/N) 



PD Output 



Lock Output 



rT_rT_ri_n_jT_rL_R 



~ir~LJ U U U U U LT 

-ir--^--r-^--^---r-r-T- 



u u — r 



Note 11 : When the programmable divider output(f|N-^N)lags the reference frequencyCfp), 
the PD output is low. When it leads, the PD output becomes high 

12 : The broken line indicates the high impedance state. 

13 : When PD is high or low state, Lock output becomes low. 
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INPUT/OUTPUT CIRCUITS 



Reset, CPS, SI, Test Inputs 



soon w 

^1 ► ! W 



I 30k n 



ZJ 



fpM, fAM inputs 



In 



refpM. refAM 

H 

fpM. fAM O * ^ 



500 a ^ 



PO Output 



Vcc- 



: 8kn 



:200f2 



:20on 



AM/FM, Lock, 500Hz Outputs 



OSC Circuit 



^^^^^^ ^ 



1kf2 




Note 14 : Resistance and current values are typical vaiues for Ta=25''C. 
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ABSOLUTE MAXIMUM RATINGS (Ta= -20~+75°C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. s-'+e 


V 


V, 


Input voltage 




-0. 5 — 1-6 


V 


Vo 


Output voltage 




-0. 5 — 1-6 


V 


Pd 


Power dissipation 


Ta=75''C 


300 


mW 


Topr 


Operating temperature 




-20—1-75 


°C 


Tstg 


Storage temperature 




-40 — f-125 





RECOMMENDED OPERATING CONDITIONS (Vcc = 4.5~5.5V. Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.5 

(3)* 


5 


5.5 


V 


^Local 


Input frequency 


fAM sinewave 


0.5 




4 


MHz 


fpM sinewave 


8 




130 


VlocbI 


Input amplitude 




0.5~2MHz 


200 




800 


mVp.p 


2~4MH2 


100 




800 




8~60MH2 


400 




800 


60- 130MHz 


160 




800 


loL 


Low-level output current 


Pin 12, 13 outputs 




1 


5 


mA 


tosc 


Reference oscillator frequency 






4.5 




MHz 



* : 3V, Ta=25t: 



CRYSTAL ELEMENT CONNECTION CIRCUIT 

X-OUT GND 



(JV (^-—®- 



c, -r 



TT Co 



Note 15 : Crystal specifications 
Resonant frequency 
Load capacitance 
Effective resistance 
16 I Capacitance values 
C,=56pF 

Co=30pF(trlmmer) 



4.5MHz±30ppm 
20pF 

100n max. 



ELECTRICAL CHARACTERISTICS (Ta= -20~+75r, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ* 


Max 


V,H 


High-level input voltage 


1,2,7.9 


Vcc=5. 5V 


2 






V 


V,L 


Low-level input voltage 


1,2, 7,9 


Vcc=5. 5V 






0.6 


V 


llH 


High-level input current 


.1,2, 7,9 


Vcc=5. 5V, V,H=5. 5V 






30 


juA 


l|L 


Low-level input current 


1,2, 7, 9 


Vcc=4. 5V, ViL=OV 




-80 


-160 


juA 


Vol 


Low-level output voltage 


11, 12 


Vcc=4. 5V, loL=5mA 






0.5 


V 


Vqhpi 


PD high-level output voltage 


10 


Vcc=4.5V, loH=-lmA 


3 






V 


VoHP2 


PD high-level output voltage 


10 


Vcc=5V, loH=-0.1mA 


4 






V 


V0LPI 


PD low-level output voltage 


10 


Vcc=4. 5V, loL=lmA 






1.5 


V 


VoLP2 


PD low- level output voltage 


10 


Vcc=5V, loL=0. 1 mA 






1 


V 


IpDI 


PD leakage current 


10 


Vcc=5. 5V, Vo=0. 8~4. 7V 






±1 


juA 


lpD2 


PD leakage current 


10 


Vcc=5V, Vo=2. 5V 






±100 


nA 


Ice 


Circuit current 




Vcc=5. 5V 




20 


35 


mA 


lolK 


Output Jeakage current 


11, 12 


Vcc=5. 5V, VoH=5.5V 






30 


UA 



Note 17 ! All voltages are measured with respect to circuit ground (pin 8) atOV 

18 : Currents are taken to be positive when flowing into the circuit and negative when flowing out of the circuit, the minimum and maximum 

values taken to be absolute values. ^ 
* : A Typical value at Ta=25°C 
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AC CHARACTERISTICS (Ta = 25°C, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


Vfmi 


FM input sensitivity 


3 


Vcci=Vcc2=4. 5V 
fpM =60- 130MHz 






160 


nnVp.p 


VfM2 


FM input sensitivity 


3 


Vcci=Vcc2=4.5V 
fFM=8~60MHz 






400 


mVp.p 


Vami 


AM input sensitivity 


5 


Vcci=Vcc2=4.5V 
fAM=2~4MHz 






100 


nnVp.p 


VaM2 


AM input sensitivity 


5 


Vcci=Vcc2=4.5V 
fAM=0. 5~2MHz 






200 


mVp.p 



TYPICAL INPUT SENSITIVITY CHARACTERISTICS (Vcci=Vcc2=5v.Ta=25r) 

(1) MINIMUM FM INPUT AMPLITUDE VS INPUT FREQUENCY 




INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz) 



(2) MINIMUM AM INPUT AMPLITUDE VS INPUT FREQUENCY 




0. 51 1. 52 2. 5 2 3 4 5 6 7 

INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz) 
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APPLICATION EXAMPLE 



+5V 




Radio 
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DESCRIPTION 

The M54928P is a semiconductor integrated circuit consist- 
ing of a PLL frequency syntliesizer for use in AM/FM elec- 
tronically tuned radio receivers. It makes use of ECL-IIL 
process to enable high density and low power consumption. 
It contains an FM Prescaler allowing the direct input of the 
local oscillator frequency signal. 

The base frequency is provided by a 4.5MHz crystal 
oscillator. 



FEATURES 

• Built-in FM high-speed prescaler (fmax=130MHz) 

• Low power consumption ( Ice = 20mA, typical at Vcc== 
5V) 

• Reference frequency selectable from eight values (50k, 
25k, 12.5k, 10k, 9k, 5k, 4.5k, 1k) 

• Modulo-2 swallow counter in FM mode (prescaler ratio 
1/32, 1/33) 

• Wide range of division ratios (FM: 1024-^-65535, AM: 64 
--65535, binary coded) 

• Clock pulse outputs at 450kHz and 500Hz 

• Built-in 4.5MHz crystal oscillator (only two external com- 
ponents required) 

• PLL rock/unlock status ouptut 

• AM/FM mode control output 

• High sensitivity AM/FM local oscillator frequency input 
with built-in amplifier (FM: 160mVp.p at 130MHz, AM: 
100mVp.pat4MHz) 

APPLICATION 

AM/FM Radios 



PIN CONFIGURATION (TOP VIEW) 

TIT- 



DATA INPUTS 



Da--[T 

Db 

Dc-d 

FM LOCAL fp^-f? 
OSCILLATOR INPUT 

FM REFERENCE BIAS refpM -*'[^ 

AM LOCAL - .rr 

OSCILLATOR INPUT ^am LL 
AM REFERENCE -..IT 
BIAS^^^A"^ LI 
CLOCK PULSE ^-.IT 
INPUT CPS LI 

NC (lO 
GND [TT 




Outline 22P4 



CRYSTAL 
OSCILLATOR 
INPUTS 

450kHz 
OUTPUT 
TIMING SIGNAL 
OUTPUT 

AM/FM MODE 
SWITCHING OUTPUT 
LOCK DETERCTOR 
OUTPUT 

PHASE DETECTOR 
OUFUT 

TEST PULSE 
INPUT 

RESET PULSE 
INPUT 



NC No connection 



BLOCK DIAGRAM 



CRYSTAL r x-IN 
OSCILLATOR-^ 

INPUTS [x-OUT 

FM LOCAL 
OSCILLATOR INPUT fpM ( 
FM REFERENCE BIAS refpM ( 
AM LOCAL 
OSCILLATOR INPUT Iam ^ 
AM REFERENCE BIAS refAM ( 



RESET PULSE 
INPUT 
CLOCK PULSE 
INPUT 



450kHz 
OUTPUT 
450kHz 



TIMING SIGNAL 
OUTPUT 



DIVIDER 




Timing 



REFERENCE 
=REQUENCV 
SELECTOR 



PROGRAMMABLE 
DIVIDER 
(BINARY 16 BIT) 

1^ 



DATA LATCH (20 BIT) 



LOCK DETECTOR 
OUTPUT 

Lock 

© 



So 

Q-LU 
Q 



LOCK 
DETECTOF 



TRI-STATE 
. BUFFER 



1^ DUI 



(13) Test TEST INPUT 



©PHASE DETECTOR 
PD OUTPUT 




AM/FM MODE 

) AM/FM SWITCHING 
OUTPUT 

(21) Vcci 



DATA INPUTS 



NC : NO CONNECTION 
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PIN DESCRIPTION 



No. 


Symbol 


Name 


Description 


1 


Da 


Data inputs 


Divide ratio input for programmable divider. 


2 


Db 


3 


Dc 


4 


Dd 


5 




FM local oscillator input 


Direct input enable (fmax ~ 130MHz) Built-in amplifier (input sensitivity 
160mVp.p) 


6 


refpM 


FM reference bias 


Grounded through lOOOpF capacitor 


7 


'am 


AM local oscillator input 


Built-in amplifier (input sensitivity 100mVp.p) 


8 


refAM 


AM reference bias 


Grounded through lOOOOpF capacitor 


9 


CPS 


Clock pulse input 


Data reading clock input 


1 0 


NC 


No connection 




1 1 


GND 


Ground 


OV 


1 2 


Reset 


Reset pulse input 


Data latch reset input 


13 


Test 


Test input 


Normally set to low-state. When set to high-state, pin 16 is the programm- 
able divider output and pin 15 is the reference frequency output. 


1 4 


PD 


Phase detector output 


Tri-state output. 

Phase lead for high-state, phase lag for low-state and high-Z for phase 
coincidence. 


15 


Lock 


Lock detector output 


Low for PLL lock and high for PLL unlock. Open collector output. 


16 


AM/FM 


AM/FM mode switching 


AM/FM mode switching output. Low for FM and high for AM. Open collector 
output. 


17 


Timing 


Timing signal output 


500Hz clock pulse output Open collector 


18 


460kHz 


450kHz output 


450kHz clock pulse output. Open collector 


19 


X-IN 


Crystal oscillator inputs 


4 5MHz crystal input 


20 


X-OUT 


21 


Vcci 


Power supply 1 


5V±0 5V 


22 


VcC2 


Power supply 2 


5V±0 5V 
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DESCRIPTION OF OPERATION 

1 . Data Input 

(Input signal formatting) 

Reset 



CPS 



1 


















R 


R 


R 


R 


R 


R 


















HS 






A>/A 






























A¥/a 






















































A>rA 




YAf'// 





DATA2 



DATA3 



DATA5 



IGNORED 



Note 1 : After the reset input goes low, 4X5 bits of data are read by means of 5CPS input pulses (negative edge triggered). 

2 : Data for the sixth and followin g CP S input pulses are ignored. 

3 When the Re set in put is high, CPS input pulses and Da~Dd input data are ignored. 

4 : After the fifth CPS input pulse goes low, all data (Divide ratio, Mode and Reference frequency) are simultaneously set. 



(Input signal timing) 



Reset 



CPS 



Da~d 



.^Ttl 



tRC 



[;^EFFECTiy E DAJAy^ 



r 



MINIMUM VALUES 

twR=10A^S 
twCH=twCL'=' 1 0A< S 

tRc=20//s 

ts=40//s 

tH=40/^s 
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2. AM/FM Mode Setting and Reference Frequency 
Selection 

AM/FM mode selection and reference frequency selection 
is performed by means of the data 5 (Das, Dbs, Dcs, Dds). 

When Da5 is read as a high level, the AM mode is 
selected, enabling the fAM input as well (maximum input 
frequency 4MHz). For this mode the fpM input is disabled. 

When Da5 is read as a low level, the FM mode is 
selected, enabling the fpM input as well (maximum input 
frequency 130MHz).For this condition the fAM input is dis- 
abled. 

The selection of reference frequencies is as described in 
table 1 . 

3 . Divide Ratio Selection 

The divide ratio of the programmable divider is set by 
means of data 1 through data 4. Binary data coding is used. 
The coding differs for AM and FM modes. 
(1) AM mode 

The programmable divider acts as a normal prdsettable 
counter. The divide ratio is set in a binary 16-bit coded 
format. 

DIVIDE RATIO SETTING 



Table 1 . Reference frequency selection 



Data 5 


Mode 


Reference 
frequency 


AM/FM 
output 


Da5 


Db5 


Dcs 


Dd5 


L 


L 


L 


L 


FM 


50k 


L 


H 


L 


L 


L 


AM 


50k 


H 


L 


H 


L 


L 


FM 


25k 


L 


H 


H 


L 


L 


AM 


25k 


H 


L 


L 


H 


L 


FM 


12.5k 


L 


H 


L 


H 


L 


AM 


12.5k 


H 


L 


H 


H 


L 


FM 


5k 


L 


H 


H 


H 


L 


AM 


5k 


H 


L 


L 


L 


H 


FM 


4.5k 


L 


H 


L 


L 


H 


AM 


4. 5k 


H 


L 


H 


L 


H 


FM 


9k 


L 


H 


H 


L 


H 


AM 


9k 


H 


L 


L 


H 


H 


FM 


Ik 


L 


H 


L 


H 


H 


AM 


Ik 


H 


L 


H 


H 


H 


FM 


10k 


L 


H 


H 


H 


H 


AM 


10k 


H 



2° 


2' 


2^ 


2^ 


2^ 


25 


(BINARY 16-BIT) 
£6 2J 2® 2® 


210 


211 


212 


213 


214 


215 


Dai 


Dbi 


Dci 


Ddi 


Da2 


Db2 


Dc2 


Dd2 


Da3 


Db3 


Dc3 


Dd3 


Da4 


Db4 


Dc4 


Dd4 



(2) FM mode 

The programmable divider acts as a Modulo-2 swallow 
counter. The divide ratio is determined by the main counter 
divide ratio B (binary 12-bit) and the swallow counter divide 
ratio A (binary 4-bit). 

MAIN COUNTER DIVIDE 
RATIO B SETTING 



2© 2^ 2^ 2"^ 


(BINARY 12-BIT) 
24 25 2® 2^ 


28 2^ 2}^ 


20 


A SEl 


TING 

22 


23 


Dai 


Dbi 


Dci 


Ddi 


Da2 


Db2 


Dc2 


Dd2 


Da3 


Db3 


Dc3 


Dd3 


Da4 


Db4 


Dc4 


Dd4 



SWALLOW COUNTER 
DIVIDE RATIO 



Note 5 *. Overall divide ration N is determined by N=A+16B 
4 . Data Coding Example 

(1) AM mode, Reference frequency 10kHz, N=207 



Dai 


Dbi 


Dci 


Ddi 


Da2 


Db2 


Dc2 


Dd2 


Da3 


Db3 


Dc3 


Dd3 


Da4 


Db4 


Dc4 


Dd4 


D 


^5 


Db5 


Dc5 


Dd5 


H 


H 


H 


H 


L 


L 


H 


H 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


2° 


2' 


22 


23 


2^ 


25 


26 


2" 


28 


29 


210 


211 


212 


213 


214 


215 




t 



N = 2°+2' -^22^-23-^-2H2^= 1 +2-|-4+8-h64-H 1 28= 207 
Note 6 : If tlie PLL goes into lock, fAM= 10X207= 2070kHz. 



FREQUENCY 
AM MODE 10kHz IS 
SELECTION SELECTED. 
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(2) FM mode, Reference frequency 25kHz, N==2972 



Dai 


Dbi 


Dci 


Ddi 


Da2 


Db2 


DC2 


Dd2 


Da3 


Db3 


Dc3 


Dd3 


Da4 


Db4 


Dc4 


Dd4 


Da5 


Db5 


Dc5 


Dd5 


H 


L 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


L 


L 


H 


H 


L 


H 


L 


L 



7? 



211 



B=2°+2H 2^^+2^+2^=1+8+16+32+118=185 
Note 7 : Overall divide ratio N is given by N=A+16B. 

=12+16+185. 

=2972. 

8 : If the PLL goes into lock fFM=25X2972=74300kHz. 

=74.3MHz. 

5 . Clock Signal Output Waveform 
(1) 450kHz output (pin 18) 



2° 2^ 

A=12 



23 



FM MODE REFERENCE 
SELECTION FREQUENCY 
25kHz IS 
SELECTED. 



1_J L 



20/9;r/S 



60% DUTY CYCLE 



(2) Timing output ( pin 1 7) 



2ms 



50% DUTY CYCLE 



6. PD and Lock Signal Output 

Reference frequency (fR) | | | | | | | | | | | | | | | |^ 

Programmable divider i i i r— 

output (f,N/N) U U 



U U U U U IT" 



H^^" I I 

PD output p- 1 I ^ JL L ^ I 

-U-T. I III 



Lock output 



Note 9 : When the programmable divider output (fiN-^N) lags the reference frequency (fR), the PD output Is low. When it leads, 
the PD output becomes high. 

10 1 If the phase difference Tl or Th remains below 2 2//s for over three periods of the reference frequency, the lock output 

goes low indicating the lock condition 

11 \ The broken line indicates the high impedance state. 
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INPUT/OUTPUT CIRCUITS 



Da, Db, Dc, Dd, Test, CPS, Reset inputs 

soon \Z) 
O-AAArf — f^— ^ 



* 30kn 



fpM, Um Inputs 



refpM. refAM O 



a 



600 n< 



PD output 



8k a 



777- 



' 20on 



• 20on 



\ 

/ 



AM/FM, Lock, Timing, 450kHz outputs 



OSC circuit 



: 1.2kn 



ikn: 



-2.1V 



i.4ka 



m 



% 

X-IN 



(19) 
X-OUT 



7^ 



Note 12 : Resistance and current values are typical values for Ta=25°C. 
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ABSOLUTE MAXIMUM RATINGS (Ta= -20~+75°C, unless otherwise noted) 



Synnbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


VcC1, VcC2 


-0. 5 1-6 


V 


V, 


Input voltage 




-0. 5 h6 


V 


Vo 


Output voltage 




-0. 5 h6 


V 


Pd 


Power dissipation 


Ta=75''C 


300 


mW 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




. -40 — hi 25 


"C 



RECOMMENDED OPERATING CONDITIONS (Vcc = 4.5~5.5V, Ta= -20~-H75°C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Ma"x 


Vcc 


Supply voltage 


Vcci. VcC2 


4.5 

(3)* 


5 


5.5 


V 


fLocal 


Input frequency 




0.5 




4 


MHz 




8 




130 


VLocal 


Input amplitude 


Um 


0. 5~2MHz 


200 




800 


mVp.p 


2~4MHz 


100 




800 




8~60MHz 


400 




800 


60-1 30MHz 


160 




800 


loL 


Low-level output current 


Pin 15, 16, 17, 18 outputs 




1 


5 


mA 


fosc 


Reference oscillator frequency 






4.5 




MHz 



* : 3V, Ta=25°C 



CRYSTAL ELEMENT CONNECTION CIRCUIT 



4 5MHz±30ppm 
20pF 

lOOn max 



ELECTRICAL CHARACTERISTICS (Ta = -20~+75r , unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Mm 


Typ* 


Max 


V,H 


High-level input voltage 


1.2, 3, 4, 9,12,13 


Vcci=Vcc2=5. 5V 


2 






V 


V,L 


Low-level input voltage 


1,2, 3, 4, 9,12,13 


Vcci=Vcc2=5. 5V 






0.6 


V 


llH 


High-level input current 


1,2, 3, 4, 9,12,13 


Vcci=Vcc2=5. 5V, V|H=5. 5V 






30 


/uA 


IlL 


Low-level input current 


1,2, 3,4. 9,12,13 


Vcci=Vcc2=4. 5V, V,L=OV 




-80 


-160 


mA 


Vol 


Low-level output voltage 


15,16,17,18 


Vcci=Vcc2=4. 5V, loL=5mA 






0.5 


V 


Vqhpi 


PD high-level output voltage 


14 


Vcci=Vcc2=4.5V, loH=-1mA 


3 






V 


VoHP2 


PD high-level output voltage 


14 


Vcci=Vcc2=5V, loH= -0.1mA 


4 






V 


V6lpi 


PD low-level output voltage 


14 


Vcci=Vcc2=4.5V, loL=1mA 






1.5 


V 


VoLP2 


PD low- level output voltage 


14 


Vcci=Vcc2=5V, loL=0. 1mA 






1 


V 


IpDI 


PD leakage current 


14 


Vcci=Vcc2=5. 5V, Vo=0. 8~4. 7V 






±1 


juA 


lpD2 


PD leakage current 


14 


Vcci=Vcc2=5V, Vo=2. 5V 






±100 


nA 


Ice 


Circuit current 




Vcci =Vcc2= 5.5 V 




20 


35 


nnA 


IqIk 


Output leakage current 


15,16,17,18 


Vcci=Vcc2=5. 5V. VoH=5. 5V 






30 


juA 



Note 15 1 All voltages are measured with respect to circuit ground (pin 11 ) atOV 

16 '. Currents are taken to be positive when flowing into the circuit and negative when flowing out of the circuit, the minimum and maximum 

values taken to be absolute values. 
* : A Typical value at Ta=25°C 



X-IN 



X-OUT 



GND 



— @ ®-—® — 



HD 



X'tal 



Note 13 : 



Crystal specifications 
Resonant frequency 
Load capacitance 
Effective resistance 
Capacitance values 
C,=56pF 

Co=30pF (trimmer) 
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Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


Vfmi 


FM input sensitivity 


5 


Vcci=Vcc2=4. 5V. fFM=60~1 30MHz 






160 


mVp.p 


VfM2 


FM input sensitivity 


5 


Vcci=Vcc2=4.5V, fFM=8~60MHz 






400 


mVp.p 


Vami 


AM input sensitivity 


7 


Vcci=Vcc2=4. 5V, fAM=2~4MH2 






100 


mVp.p 


VaM2 


AM input sensitivity 


7 


Vcci=Vcc2=4. 5V, fAM=0. 5~2MHz 






200 


mVp.p 



TYPICAL INPUT SENSITIVITY CHARACTERISTICS (Vcc =Vcc2=5v.Ta=25c) 

(1) MINIMUM FM INPUT AMPLITUDE VS INPUT FREQUENCY 




INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz) 

(2) MINIMUM AM INPUT AMPLITUDE VS INPUT FREQUENCY 
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APPLICATION EXAMPLE 



+5V 

-e- 



TIMING 
SIGNALS 




Dd^ 




Dc 
Db 


4 bit 
' DATA 


Da 




CPS 


Reset 


CONTROLLER 
(M58497P, ETC.) 




Lock 
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DESCRIPTION 

The M54929P is an IIL semiconductor integrated circuit 
consisting of a PLL frequency synthesizer, suitable for use 
in a amateur radio equipment. 

FEATURES 

• Capable of synthesizing frequencies up to 300MHz 
when used with the M54466L 1/10, 1/11 2 -modulus 
prescaler 

• Programmable divider can operate at frequencies up to 
30MHz 

• Division ratios from 200 to 3999 can be set using a swal- 
low counter (set from 0 ~ 9 by 4 bits of BCD code) 
and program divider (set from 20 ~ 3999 by 14 bits of 
BCD code). 

• Four reference frequency division ratios (1/20, 1/100, 
1/1000, and 1/1024) 

• PLL lock/unlock status display outputs 

• Two-stage data latch 

APPLICATION 

Amateur radio equipment 



PIN CONFIGURATION (TOP VIEW) 



PHASE DETECTOR 
OUTPUT 



DATA INPUTS 



RESET PULSE 
INPUT 

CLOCK PULSE 
INPUT 

LOCK DETECTOR 
OUTPUT 



PD*-[T 
Reset |T 

CPS — [7 

Lock«^|T 



CO 

ro 

CO 



COUNT INPUT 



REFERENCE 
BIAS INPUT 



TH PULSE SWALLOW 

13J PSC CONTROL OUTPUT 

iU X-iN I CRYSTAL 

OSCILLATOR 
lT|-X-ouT I 'NPUTS 

]0\ *- Test TEST INPUT 

J] GND 



Outline 16P4 



BLOCK DIAGRAM 



CRYSTAL 
OSCILLATOR 
INPUT j 



COUNT 

INPUT Fin (15 

REFERENCE Vref(i4 
BIAS INPUT 



PULSE 
SWALLOW 
CONTROL 
OUTPUT 




PHASE 
1)PD DETECTOR 
OUTPUT 



LOCK 

Lock DETECTOR 
OUTPUT 



©-(9>-^- 

Vcc GND Test 



CLOCK RESET 
PULSE PULSE 
INPUT INPUT 



DATA INPUTS 



SUPPLY 
VOLTAGE 



TEST 
INPUT 
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PIN DESCRIPTION 



No. 


Symbol 


Pin ndmo 


Description 


1 


PD 


Phase detector output 


I-IiqI^= n^ase advance low~Dhase delav 
Three-state ^ ■ k /. 
high impedance=sync 


2 


Da 


Data input 


Input pin to set division ratio of programmable divider 
Data IS set with BCD code 


3 


L-'B 


4 




5 


Dd 


6 


Reset 


Reset pulse input 


Data latch reset input 


7 


CPS 


Clock pulse input 


Data read clock input 


8 


Lock 


Lock detector output 


Low when PD is high-impedance, high when PD is low or high 
Open collector. 


9 


GND 


GND 


OV 


10 


Test 


Test input 


Normally set low When set high, program divider output Fin/N is output at pin 1 (PD), and reference frequen- 
cy fp IS output at pin 8 (Lock). 


11 




Crystal oscilltor input 


A 10MHz crystal oscillator is used. 


12 


X-|N 


13 


PSC 


Pulse swallow 
control output 


Controls division ratio of 1 /lO, 1 /II 2 -modulus prescaler (M54466L) ECL level output 


14 


VreF 


Reference bias 


Grounded through a lOOOOpF capacitor 


15 




Count input 


Count frequency input pin. fmax^^OMHz 


16 


Vcc 


Power supply 


5 V±0. 25V 
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FUNCTION 

1 . DATA INPUT 

Configuration of input signals 



CPS 



Dc 



ri_rL_rL_n__n__n_ 



' \ db, ) r"5r~ x ) r X " X X " 



" X Dc, ) r~^^r ^ Dc3 )( Dc4 X X " 



") ( Dp, ")( Dp; )( Dd3 )( Dd4 X ) r 



t t 



BCDl 



BCD 2 



BCD 3 



\ 

BCD 4 



BCD 5 IGNORED 



Note 1 : After the Reset Input is set low, five pulses applied at CPS (negative-edge trigger) read five sets of 4 -bit BCD data. 

2 : General parameters (N value, reference frequency) are set at the falling edge of the 5 th CPS pulse. Successive data inputs at CPS are 

ignored. 

3 : When the reset input is high, signals applied at CPS, Da and Dq have no effect 



Timing of input signals 



tcR 



Da~Dd 



CPS 



X 



Effective data 



tsu ' th 
He >U 



X 



twH 



twL 



X 



Minimum value tsu=th=twH=twL=10A<S 
tRc=tcR=20/^S 
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CONFIGURATION OF DATA BITS 
LSB 



MSB 



SWALLOW 
COUNTER 
DIVISION 
RATIO A 



MAIN 

COUNTER 
DIVISION 
RATIO N 



REFERENCE 
FREQUENCY 
SELECTOR 



Da2 Db2 Dc2 Dd2 



Dc5 D, 



20 2 ^ 



X10° 



XIO^ 



X102 



2° 1' 2^ 



20 2 ^ 



2° 1' 



Note 4 When 1/10, 1/11 2 -nnodulus prescaler (M54466L) is connected, the overall division ratio M is given by M=A+1 ON 

5 \ When a prescaler is not used, the division ratio is determined by N and the data in the swallow counter is not used. 

6 : The reference frequency is selected using the values in the table below. 



Reference frequencies 



BCD 5 


Division ratio 


Reference frequency 


Crystal type 


Dc5 


Dd5 


L 


L 


1024 


10kHz 


10. 24MHz 


H 


L 


1000 


10kHz 


10MHz 


L 


H 


100 


100kHz 


lOMHz 


H 


H 


20 


500kHz 


10MHz 



3 . Example of data coding 

(1 ) The following BCD codes set a reference frequency of 10kHz and a division ratio of 26789 when used with a 1/10, 1/11 2 -modulus prescaler 



Dai 


Dbi 


Dci 


Ddi 


Da2 


Db2 


Dc2 


Dd2 


Da3 


Db3 


Dc3 


Dd3 


Da4 


Db4 


Dc4 


Dd4 


Da5 


Db5 


Dc5 


Dd5 


H 


L 


L 


H 


L 


L 


L 


H 


H 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


9 

The PLL locks, when f|N= 
St a reference frequency of 


8 

26789X1 0kHz=267. 89MHz 
lOOkHz and a division ratic 


7 

of 254, when a prescaler i 


6 

s not used 


2 


10kHz 
reference 
frequency 


Dai 


Dbi 


Dci 


Ddi 


Da2 


Db2 


Dc2 


Dd2 


Da3 


Das 


Dc3 


Dd3 


Da4 


Db4 


Dc4 


Dd4 


Da5 


Db5 


Dc5 


Dd5 


X 


X 


X 


X 


L 


L 


H 


L 


H 


L 


H 


L 


L 


H 


L 


L 


L 


L 


L 


H 



X= irrelevant 
(either high or low) 



Note 8 : The PLL locks, when f|N==254X100kHz=25.4MHz. 
4. PD, Lock 



lOOkHz 
reference 
frequency 



REFERENCE 
FREQUENCY (fp) 
PROGRAMMABLE 
DIVIDER OUTPUT 
(fiN-5-N) 

PD OUTPUT 



LOck OUTPUT 



rn \ — L 



If 



■U" 

JL 



IT 

.n. 

JL 



u 



Note 9 : When the phase of program divider output (fiN-^N) is delayed with respect to the reference frequency (fp), PD goes low ; when the phase of 
fiN-5-N is advanced, PD goes high. 
10 : Broken lines indicate the high-impedance state 
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I/O CIRCUIT DIAGRAM 



^ I Da through Reset, CPS, Test inputs 



80 u A 



500 n 

O ^AV- 



r 



■ 30k 



Lock output 



-o 



^ I PD output 



Fin, Vref inputs 



.5k 







r 1 


HE 






500 Q 







: 200f2 



-o 



200 n 



PSC output 



OSC circuit 



: 12k 



o 



1 k 

A-OUT 



6k : 



1 k 

X-,N O— 



if i 



: 14k 



Ttr TTT ITT 



Note 11 Resistance and current values sliown are typical at Ta=25°C. 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Max 


Vcc 


Supply voltage 




-0.5 


6.0 


V 


V, 


Input voltage 


FiN, Vref, X-in, X-out Input 


-0.5 


2.0 


V 


Da~Dd, Reset, CPS, Test inputs 


6.0 


Vo 


Output voltage 


All outputs 




Vcc 


V 


Pd 


Power dissipation 


Ta =75°C 




600 


mW 


Topr 


Operating temperature 




-20 


+75 


'C 


Tstg 


Storage temperature 




-40 


+125 


'C 



RECOMMENDED OPERATING CONDITIONS da 20^+75 C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Remark 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4. 75 


5.0 


5. 25 


V 




F,N 


Input frequency 




3 




30 


MHz 


Sine wave input 


V,N 


Input amplitude 


FiN = 3~15MHz 


200 




800 


mVp-p 




Fin =15~30MHz 


200 




800 


loL 


Low-level output current 


Lock output 




1 


5 


mA 




fosc 


Reference frequency 






10 




MHz 





CRYSTAL OSCILLATOR CIRCUIT 



Specifications of crystal oscillator 
Resonant frequency 10MHz±30ppm 
Capacitive load 20pF 
Effective resistancb<100n 

Capacitance 
C,=56pF, Co=30pF (trimmer) 



ELECTRICAL CHARACTERISTICS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Mm 


Typ 


Max 


V,H 


High-level input voltage 


Pins 2 -7, 10 


Vcc=5. 5V 


2.0 






V 


V.L 


Low-level input voltage 


Pins2~7, 10 


Vcc=5. 5V 






0.6 


V 


l|H 


High-level input current 


Pins2~7, 10 


Vcc=5.5V, ViH=5.5V 






30 




l|L 


Low-level input current 


Pins2~7, 10 


Vcc=4.5V, ViL=0V 




-80 


-160 


juA 


Vol 


Low-level output voltage 


Pin 8 


Vcc=4.5V, loL=5mA 






0.5 


V 


V0HP1 


PD high-level output voltage 


Pinl 


Vcc=4.5V, loH=- 1 mA 


3.0 






V 


VoHP2 


PD high-level output voltage 


Pin! 


Vcc=5V, loH= -0.1mA 


4.0 






V 


Vqlpi 


PD low-level output voltage 


Pml 


Vcc=4.5V, loL=lmA 






1.5 


V 


VoLP2 


PD low-level output voltage 


Pinl 


Vcc=5V, loL=0.1mA 






1.0 


V 


'PD1 


PD leakage current 


Pinl 


Vcc=5.5V, Vo=0.8~4.0V 






±3.0 


mA 


lpD2 


PD leakage current 


Pinl 


Vcc=5V, Vo=2.5V 






±1.0 


luA 


l|LK 


Lock leakage current 


Pin 8 


Vcc=5.5V, Vo=5.5V 






30 


juA 


'cc 


Supply current 




Vcc=5. 5V 




60 


90 


mA 


Vqhpsc 


PSC high-level output voltage 


Pin 13 


Vcc=5V, RL=3ka 


3.2 






V 


Vqlpsc 


PSC low- level output voltage 


Pin 13 


Vcc=5V, RL=3ka 






2.6 


V 



Note 14 : All voltages are measured with respect to circuit ground (pin 9 ). 

15 Currents are taken to be positive (no sign) when flowing into the circuit and negative when flowing out of the circuit. The minimum and max- 
imum values are taken to be absolute values. 



X-ouT GND 



-0--0-0-- 



Note 12 : 



13 : 
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AC CHARACTERISTICS (Vcc=5V, Ta=25r, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


V,N1 


F|N input sensitivity 


15 


F|N = 3~15MHz 






200 


mVp-p 


V,N2 


F|N input sensitivity 


15 


FiN=15~30MHz 






200 


mVp-p 


Vpsc 


PSC output amplitude 


13 


FiN=30MHz, RL = 3kn 


600 






mVp-p 



TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS INPUT FREQUENCY 




10 20 30 40 

INPUT FREQLiENCY F,n (MHz) 

APPLICATION EXAMPLE 





' Da 


4 DATA , 
BITS 


Db 
Dc 
^Dd 


Reset 




CPS 




Lock 


CONTROLLER 


(M58497P) 
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DESCRIPTION 

The M54940P, a monolithic integrated circuit fabricated with 
using an IIL technology, Is designed for driving an 8-digit, 7- 
segment fluorescent display. 

FEATURES 

• Separated power supplies; 5V (Logic circuit), and 35V 
(Output circuit) 

• Integral scanning oscillator circuit for display 

APPLICATION 

Micro computer display. Digital equipment for consumer and 
Industrial use. 

FUNCTION 

The M54940P, having a 5-bit X 8-digit memory, is a decoder 
driver for dynamic displaying of a vacuum fluorescent tubes. 
The data for one digit section is organized into a 4-bit BCD 
and an 1-bit decimal point. The data memory consists of a 
shift register and a latch, and is capable of displaying the 
previous data while the data is being transported. 



PIN CONFIGURATION (TOP VIEW) 



DATA INPUTS < 



DRIVER 

POWER SUPPLY Vcc2 
LOGIC Vcci 
POWER SUPPLY^ ID1 — U 

ID2-*E 

ID8-»[I 
I IDP— H 
CLOCK INPUT CLK— ► H 
RESET INPUT RST — ♦ [I 
LOAD INPUT LpAD-^Eo 
DISPLAY INPUT DISP-^HI 



OSCILLATOR 



INHIBIT 



osc 



in 

GND HI 

DECIMAL NC E 

POINT OUTPUT DP ♦-m 



1- 



.►T8(MSD)i 
♦ T7 

> T6 

> T5 

> T4 

> T3 
" T2 

> TI(LSD). 



^DIGIT OUTPUTS 



m 

20| - 
l- 

m- 
m- 
n- 



— b 



y SEGMENT OUTPUTS 



Outline 30P4B nc : No connection 



DRIVER 

POWER SUPPLY Vcc2 
LOGIC . 
POWER SUPPLY ^ccl 
ID1 - 



DATA INPUTS 



ID2- 
ID4- 
ID8- 
IDP- 
NC 

CLOCK INPUT CLK- 
RESET INPUT RST - 
LOAD INPUT LOAD - 
DISPLAY INPUT DISP- 
NC 
NC 

OSCILLATOR ncn 
INHIBIT 

GND^ 



o 



H— T8 (MSDhi 
31] -^17 
30l— T6 
1|-^T5 
T4 

27] -^T3 
1]— T2 
1]— T1 (LSD) J 
24]-^ a 

23]-^ b 
1]-^ C 

in— d 

1]— e 

f 

18]-g 



DIGIT 
OUTPUTS 



> SEGMENT OUTPUTS 



T^^r^a DECIMAL 
17] — DP POINT OUTPUT 



Outline 32P2W-A nc : No connection 
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INPUT 

1 ) osc : 



2) 



3) 
4) 



ID1 
ID2 
ID4 
IDS 



PIN FUNCTION 

External capacitor connecting terminal for 
the oscillator circuit. 

'. BCD Data Input; refer to the numerical 
Designations-resultant displays for the relation 
of the input data to the display. 



IDP decimal point data Input 

CLK : Data transport clock Input: the data can be input 
at a positive-going edge of the CLK 



5) RST : Reset Input : the CLK input counter is reset at "H" 

6) LOAD : Signal Input to load the data latch with the data 

of the shift register. The Input LOAD will not be 
accepted until the 8th CLK Input has been re- 
ceived. 

7) DISP : When it is set to "H" it displays. When it is set to 

"L", the display is inhibitted. During the display 
inhibition period, both the segment and digit 
outputs will be at "L". 



TIMING CHART 

DATA PROGRAMMING \ 
(1) USING CLK AND RST inputs with LOAD=" H ' 



RST 



IDl—IDP 



CLK 



.^CDCDCDCDCDCDCDCDC: 

„ T1 T2 T3 T4 T5 T6 17 T8 

_n_n_n_n_n_fi_JLJL_ 



DISPLAY OF PREVIOUS DATA 



I DISPLAY OF NEW DATA 
I 



When LOAD is kept at " H ", LOAD is automatically done at the 8th CLK input when RST=" L ". 
However, while RST=" L", if there is a 9th CLK input, the 9th data will be loaded and displayed. 



(2) Using CLK, RST and LOAD inputs. 

RST 



1 



CLK 



LOAD 



rDCDCDCDOOCDac: 

■-■ "^^ m « « T4 „ T5 ^ T6 ^ T7 ^ T8 

-JL_n_n_n_JL_n__n_n 



ii 



DISPLAY OF PREVIOUS DATA | DISPLAY OF NEW DATA 

I 

After the 8th clock input, the LOAD is valid only in the period while RST=" L ". 
Furthermore, if there Is 9th CLK input before the LOAD input, the LOAD input is ignored. 
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DISPLAY 8'^55'-l3a 18 

NUMERICAL DESIGNATIONS-RESUITANT DISPLAYS 





0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 


BCD 
DATA 


ID1 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


ID2 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


ID4 


L 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


L 


H 


H 


H 


H 


IDS 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


Display 


n 
u 


j 


2 


UJ 




s 


LO 


"1 
1 


CO 


3 




E 


P 


L 


"1 


Blank 



♦ The decimal point, independent of BCD data, is output wlien the decimal bit of the corresponding digit is at " H " 
Furthermore, when the decimal point bit is set at " H " at plural digits, plural decimal points are displayed. 

OSCILLATOR CIRCUIT 

1) External connection 



d D .P 



2) Oscillation period 



I QOSC (M54940P) 

Cext ^ 1 GND 

tosc ^ 20 Cext X IQ-^/is) (Typ.) 
(Unit of Cext; CpF] ) 



DISPLAYS IMMEDIATELY "AFTER POWER ON." 

The display which appears immediately after "power-on" is in- 
definable. During the period before the regular data is trans- 
ported the display can be erased if DISP input is set at " L ". 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20'-+75C. unless otherwise noted) 



Synnbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcci 


Logic supply voltage 




-0. 3 — 1-9 


V 


Vcc2 


Driver supply voltage 




-0. 3 — h38 


V 


Vi 


Input voltage 




-0. 3~Vccl 


V 


Vo 


Output voltage 




0~Vcc2 


V 




Storage temperature 




-55—1-150 


'C 


Topr 


Operating temperature 




-20 — h75 


'C 


Pd 


Power dissipation 




600 


mW 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~-h75C. unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


MIn 


Typ 


Max 


Vcci 


Logic supply voltage 


4 


5 


7 


V 


Vcc2 


Driver supply voltage 


It) 


30 


35 


V 



ELECTRICAL CHARACTERISTICS (Ta=-20'-+75'C, Vccl=5V, Vcc2=35V, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Min 


Typ 


Max 


V,H 


" H " Input voltage 


Vcc 1 =4~7V 


2.7 




Vcd 


V 


V,L 


" L " Input voltage 


Vcc= 1 =4~7V 


0 




0.7 


V 


I.H 


" H " Input current 


V,H=5V 




0 


20 


juA 


IlL 


" L " Input current 


Viu=OV 




-0. 25 


-0.4 


nnA 


VoH 


" H " Output voltage 


Digit output 


loH=-10mA 


33 


33.8 




V 


Segment output 


loH=-2mA 


33 


34 




Vol 


" L " Output voltage 


loL=OmA 




0 


2 


V 


Icci 


Logic circuit current 


Input : open 

All segment outputs; ON 




12 


22 


nnA 


|CC2 


Driver circuit current 


Output : Open 

All segment outputs ON 




8 


14 


mA 


tosc 


Oscillation Period 


Cext='IOOOpF 


10 


20 


40 


/us 


* Typical values are measured at 25'C 

TIMING CHARACTERISTICS (Ta 20-4-75'C, unless otherwise noted) 


Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Min 


Typ 


Max 


fcLK 


Clock Frequency 








100 


kHz 


fosc 


Oscillation frequency 




10 




100 


kHz 


two 


Clock pulse width 




2 






JUS 


twL 


Load Pulse width 




2 






MS 


tsetup 


Data setup time (DATA-*CLK) 




4 






MS 


thold 


Data Hold timeCCLK— DATA) 




2 






MS 




Reset-clock time(RST— CLK) 




4 






MS 


tcL 


Clock-load, time (CLK— LOAD) 




4 






MS 


tr(CLK) 


Clock pulse rise lime 








10 


MS 


tf(CLK) 


Clock pulse fall time 








10 


MS 
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INPUT TIMING CHART 

RST 



ID1~IDP 



1.5V 



tRC 



tsetup 



CLK 



LOAD 



thold 



90% 
10% 



r 



90% 
10% 



tnCLK) *f(CLK) 
•1.5V 



OUTPUT TIMING CHART 



DIGIT OUTPUT ■ 



tcY 



twd 



SEGMENT OUTPUT - 



I/O CIRCUIT SCHEMATIC 



- twB 



twB~tws~ 1 4tosc 



twB~ 2 tosc 
tcY=128tosc 




MITSUBISHI 
k ELECTRIC 



2-483 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4956P 



PLL FREQUENCY SYNTHESIZER FOR PERSONAL RADIOS 



DESCRIPTION 

The M54956P Is a single-chip semiconductor integrated 
circuit consisting of a PLL frequency synthesizer for per- 
sonal radio. 

§ 

FEATURES 

• Built-in 1/256 and 1/258 modulus prescaler 
(fmax=1.0GHz) 

• Low power dissipation (lcc=40mA, at Vcc~ 5 V) 

• Choice of four comparator frequency types 
(50k, 25k, 12.5k, 6.25k) 

• Wide variety of division ratio 
(32768-262142, binary code) 

• 1/8 Clock pulse output for referene oscillator frequency 
(TTL level) 

• Output display for PLL lock/unlock 

• Output port status can be set by date transferred from 
the controller 

• Serial data input (three data transfer lines) 

APPLICATION 

Personal radios, mobile radio telephones, MCA equipment 



PIN CONFIGURATION (TOP VIEW) 



LOCAL , 

OSCILLATOR p _^ rT 
INPUT "^"^ LL 

REFERENCE rr 
BIAS Vref L£ 

RESET INPUT RST-*[T 

CLOCK INPUT CPS-^^ 

DATA INPUT SI ^ 

OUTPUT I SW1 "^IT 
PORTS ' — 

1 SW2*-|T 
GND |T 




CRYSTAL 

OSCILLATOR 

INPUTS 



1/8 DIVIDER 
►1/8 OUT OUTPUT 

PHASE DETECTOR 
- p/N POLARITY 

SWITCHING INPUT 



.LOCK DETECTOR 
LOCK OUTPUT 



► PD PHASE DETECTOR 
OUTPUT 



Outline 16P4 



BLOCK DIAGRAM 



[-niiT^I^-J 



1/8 DIVIDER OUTPUT 
1 / BOUT 



CRYSTAL 

OSCILLATOR, ^ 
INPUT |X-ouT(i4 

LOCAL 

OSCILLATOR F,n G 

INPUT y. 

REFERENCE Vref(2 
BIAS 




1/2 



2 MODULUS 
PRESCALER 



DATA INPUT SI 



?lj?iE^CPS(4 



L.. 



PHASE DETECTOR LOCK 
POLARITY DETECTOR 
SWITCHING INPUT OUTPUT 

P/N Lock 

®— ® 



CSC 




1/8 DIVIDER 






OUTPUT 





fREF DiyiDER 



1/A DIVIDER 
(7 -BIT) 



REFERENCE 
FREQUENCY 
SELECTION 



1/N PROGRAMMABLE 
DIVIDER 
(10-BIT) 



■10 



f,n/nI 



DATA LATCH (21 -BIT) 



SHIFT REGISTER (21 -BIT) 



21 PULSE 
COUNTER 



LATCH SIGNAL 




Test TEST INPUT 



PHASE 
Z) PD DETECTOR 
OUTPUT 



^^"^'l OUTPUT 

7)SW2| PORTS 

V SUPPLY 

<16; vcc VOLTAGE 



RST 
RESET INPUT 
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PIN DESCRIPTION 



Pin no. 


Symbol 


Pin name 


Description 


1 




Local oscillator input 


Local oscillator frequency (V CO) input. fmax=''OOOMHz 


2 


Vref 


Reference bias 


Connbct to ground through a lOOOpF capacitor 


3 


RST 


Reset input 


Reset input of 21 -pulse counter 


4 


CPS 


Clock input 


Clock input for shift register 


5 


SI 


Data input 


Data input pin for shift register 


6 


SW1 


Output port 


Open-collector output port can be set by data tranferred from the controller 


7 


SW2 


8 


GND 


Ground 


OV 


9 


PD 


Phase detector output 


Three-state 


10 


Lock 


Lock detector output 


Low when the PLL is locked, high when unlocked. Open collector. 


11 


P/N 


Phase detector polarity 
switching 


When P/N is high, the output at PD pin becomes high when the phase is advanced and low when the phase is 
retarded. When P/N is low, the logic states are inverted. 


12 


1/80UT 


1 /8 divider output 


TTL level 


13 


Test 


Test input 


Normally set low. When set high, fp (the comparator frequency) is output at SW1 (pin 6) 
and the fiN/N (programmable divider) is output at SW2 (pin 7). 


14 


X-OUT 


Crystal oscillator input 


The output from 12. BMHz reference oscillator is supplied to X-in. 
Oscillation is generated by an externally connected crystal oscillator 


15 


X-IN 


16 


Vcc 


Supply voltage pin 


4. 5~5. 5V 



FUNCTION 



1 . DATA INPUT 
Configuration of input signal 



(D21) (D20) (D19) (03) (D2) (01) INVALID 

:)aciDa(:::::::::)aacz)czx: 



CPS 



Note 1 : The status of input SI is read by the shift register at the falling edge of the clock signal at CPS. 

2 : All data (N value, port, comparator frequency) are set at the falling edge of the 21st pulse at CPS.Subsequent clock pulse at CPS are 

ignored. 

3 : Pulses are accepted at neither CPS nor SI while RST is high. 
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Timing of input signal 



tfiC 



tcR 



CPS 



X 



X 



^su 



X 



tsu=th=twH=twL=10/^S min. 
tRc=tcR— 20//S min. 



2 . BIT CONFIGURATION OF SHIFT REGISTER 
LSB 



SHIFT REGISTER 



SWALLOW COUNTER 
DIVISION RATIO A 



MAIN COUNTER 
DIVISION RATIO N 



PORT SETTING 
REFERENCE 
FREQUENCY 
SELECTION 



Da 



MSB 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 








20 


2^ 


22 


23 


24 


25 


26 




2° 


2' 


22 


23 


24 


25 


26 


2^ 


2 8 j 2 ^ 





Dd 



Note 4 : Total division ratio M is given by M= 2 X(A+128N). 
5 : Comparator frequency is selected by Da and Db. 



Note 6 : Output port is set by Dc and Dq. 



Data 


Reference 
frequency 


Da 


Db 


L 


L 


50k 


H 


L 


25k 


L 


H 


12.5k 


H 


H 


6. 25k 



Data 


Output port 


Dc 




SW1 


SW2 


L 


L 


L 


L 


H 


L 


H 


L 


L 


H 


L 


H 


H 


H 


H 


H 



3 . DATA CODING EXAMPLE 

When reference freqency is 6. 25kHz, M is 153784, SW 1 is high and SW 2 is low 
LSB 



SHIFT REGISTER 
DATA 



1 



H H H 



6 



DIVISION RATIO SETTING FOR 
SWALLOW COUNTER 

A= 2 2+ 2 =^+2 ^+2^=92 



8 



9 



10 



11 



L H H L H 



16 



DIVISION RATIO SETTING FOR MAIN COUNTER 
N= 2 ^-f 2 H 2 ^+ 2 ^=600 



REFERENCE 
FREQUENCY 

6. 25kHz 
is 

selected 



SW1 IS SW2 IS 
SET HIGH SET LOW 



2-486 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54956P 

PLL FREQUENCY SYNTHESIZER FOR PERSONAL RADIOS 



RST 



:]_r 



CPS ■ 
DATA ■ 



JUUUUUULJULJIXILJUL^ 



PREVIOUS DATA IS HELD 



DATA UPDATE 



Note 7 : Total division ratio is set by M= 2 XM(A+128N)= 2 X(92+128X600)=153784 
8 : When PLL is locked, fv 0 0=6.25X153784=9611 50kHz 

=961. 15MHz 

4 . 1/8 OUTPUT SIGNAL WAVEFORM 

























625nS 





^Duty cycle is 50%. 



5 . PD, Lock SIGNAL OUTPUT WAVEFORM 



REFERENCE 
FREQUENCY (fn) 



PROGRAMMABLE 
DIVIDER OUTPUT (WN) 



PD OUTPUT 



Lock OUTPUT 



"4f-v. r 



U U U U U Lf 



1 



Note 9 : The PD output is low when the phase of the programmable divider output (Iin/N) follows the phase of reference frequency (fp) and is high 
when the phase fiw/N leads that of fR. 

10 : Broken lines indicate the high-impedance state. 

1 1 : When phase variance Tl and Th are less than 625ns for a period of rerence frequency (fR), the lock output become^ low. 

^The above description applies while P/N (pin 11 ) is high 
While P/N input is low, the logic state of the PD output is inverted. 
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I/O CIRCUIT DIAGRAM 



RST, CPS, SI, P/N, Test Inputs 




T1 

» F,N, Vref Inputs 



FinO 



VrefO- 



250 n 5 
250n^ 



EV bias ] \ 
—I— 



PD Output 



:8k 



1 



: 200 n 



-o 



:2oon 



SW1. SW2, Lock Outputs 



OSC Circuit 

Vcc 



L J 

12k ^ ^ ^ 



-o 



1 k 

X-OUT O— "'^Mr- 
1 k 

X-IN O — 



14k 
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1 / 8 OUT Output 




Note 12 : Resistance and current are typical values when \/cc= 5 V and Ta=— 20 — |-75°C 



ABSOLUTE MAXIMUM RATINGS (Ta = -2O--+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Min 


Max 


Vcc 


Supply voltage 




-0.5 


6.0 


V 


V| 


Input voltage 


Each input 


-0.5 


6.0 


V 


Vo 


Output voltage 


Each input 


-0.5 


6.0 


V 


Pd 


Power dissipation 


Ta =75t: 




500 


mW 


Topr 


Operating temperature 




-20 


+75 


°C 


Tstg 


Storage temperature 




-40 


+125 





RECOMMENDED OPERATING CONDITIONS (v cc = 4. 5~5. 5V, Ta = — 20~+75°C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Remark 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5 


5.5 


V 




V,N 


Input amplitude 


Fin =100-1 OOOMHz 


400 




1200 


nnVp-p 




F|N1 


Input frequency 


V|N =400mVp-p 


100 




1000 


MHz 




loL 


Low-level output current 


SW1, SW2, Lock output 






5 


nnA 




Vx-IN 


X-iN input amplitude 


Note 14 


1 




2 


Vp-p 


Sine wave 


fosc 


Reference oscillation frequency 


Note 13, Note 14 




12.8 




MHz 
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Note 13 I Connection of crystal vibrator 



Note 14 : Connection of crystal oscillator 



GND 



-<5>— <5>--<«> 



C,=56pF 



X'tal 



Co=30pF 




] 1^ X-'N 



Load capacitance of crystal oscillator 
Valid resistance lOOH or less 



8 j GND 



XouT (pin 14) should be left open. 



ELECTRICAL CHARACTERISTICS (Ta = — 20~+75°C, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


V,H 


High-level input voltage 


3, 4, 5, n, 13 


Vcc=5. 5V 


2.0 






V 


V,u 


Low-level input voltage 


3, 4, 5, n, 13 


Vcc=5.5V 






0.6 


V 


llH 


High-level input current 


3, 4, 5, 11, 13 


Vcc=5.5V, V|H=5.5V 






30 


mA 


•iL 


Low-level input current 


3, 4, 5, 11, 13 


Vcc=4.5V, ViL=OV 




-80 


-160 


mA 


Vol 


Low-level output current 


6, 7, 10, 12 


Vcc=4.5V, loL=5mA 






0.5 


V 


VoHPI 


PD high-level output voltage 


9 


Vcc=4.5V, loH=- 1 mA 


3.0 






V 


VoHP2 


PD low-level output voltage 


9 


Vcc=5V, loH=-0.1mA 


4.0 






V 


V0LPI 


PD low-level output current 


9 


Vcc=4. 5V, loL= 1 mA 






1.5 


V 


V0LP2 


PD low-level output current 


9 


Vcc=5V, loL=0.1mA 






1.0 


V 


IpDI 


PD leak current 


9 


Vcc=5.5V, Vo=0.8~4.7V 






±1.0 


mA 


lpD2 


PD leal< current 


9 


Vcc=5V, Vo=2.5V 






±100 


juA 


Ice 


Supply voltage 


16 


Vcc=5.5V 




40 


60 


rr\A 


'OLK 


Output leak current 


6, 7, 10 


Vcc=5.5V, VoH=5.5V 






30 


juA 


VoH 


High-level output voltage 


12 


Vcc=4.5V, loH=- 1 V 


2.0 






V 



Note 15 

16 



17 : 



The GND pin (pin 8) for voltages in this circuit is based on the reference voltage (0) 

Whn the currents flowing into the circuit are positive (no sings) and the currents flowing out from the circuit are negative (negative sign) and 
the minimum and maximum are shown in absolute values. 
Typical values are at Vcc= 5 V, and Ta=25°C 
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APPLICATION EXAMPLE 



4-5V 

-e- 



+5V 



lOOOpF 



lOOOpF 



F|N 


Vcc 


Vref 




RST 


X-OUT 


CPS 


Test 


SI 


1 /8 0UT 


SWl 


P/N 


SW2 


Lock 


GND 


PD 



IF 



lOOOOpF 



12. 8MHz 
OSCIL- 
LATOR 



TIMING SIGNAL 



MODE SETTING 



VC O 
1 




I 



Vtune 



SI 

CPS 
RST 

CONTROLLER 
(M 50740 etc.) 

Lock 



TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS 
INPUT FREQUENCY 




0 200 400 600 800 1000 1200 1400 1600 
INPUT FREQUENCY F|n (MHz) 
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DESCRIPTION 

The M54959P is a semiconductor integrated circuit consist- 
ing of a PLL frequency synthesizer for use in personal radio 
equipment. It contains an 1/128 and 1/129 2 -modulus pre- 
scaler allowing the direct synthesis of local oscillator fre- 
quency up to 500MHz. 

The reference frequency is provided by a 12. 8MHz crystal 
oscillator. 

FEATURES 

• Built-m 1/128 and 1/129 2 -modulus prescaler 
(fmax=500MHz) 

• Low power consumption (lcc=20mA, at Vcc= 5 V) 

• Reference frequency selectable from four values 
(25k, 12.5k, 6.25k, 5 k) 

• Wide range of division ratio 
(16384~131071, binary coded) 

• Serial data input ( 3 data-transfer lines) 

• PLL Lock/unlock status display output 

• Output-ports state can be set by date from a controller 



PIN CONFIGURATION (TOP VIEW) 



LOCAL 

OSCILLATOR Rm - 
INPUT 

REFERENCE Vbpp" 
BIAS 

RESET PULSE RSI - 
INPUT 

CLOCK PULSE CPS- 

INPUT 

DATA INPUT SI ■ 
I SW1 ' 
I SW2< 
GND 



OUTPUT PORTS 



-K 
-E 



CJ1 
01 

<c 

■D 



15]. 
1 



Outllne 16P4 



Vcc 

■ X-iN 1 CRYSTAL 

oscillator 
■X-out| input 

■ Test TEST INPUT 
NC 

PHASE DETECTOR 
D,., POLARITY 

■ P/N SWITCHING INPUT 

.77^ LOCK DETECTOR 
i_uo^QLiTPUT 

. pn PHASE DETECTOR 
OUTPUT 



NC : No connection 



APPLICATION 

Personal radio 



BLOCK DIAGRAM 



P/N Lock 




RSI 



( 
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PIN DESCRIPTION 



No. 


Symbol 


Pin name 


Description 


1 


F,N 


Local oscillator input 


Local oscillator frequency (V CO) input fmax=500MHz 


2 


Vref 


Reference bias 


Ground through a lOOOpF capacitor 


3 


RST 


Reset pulse Input 


Reset pulse input for 21 -pulse couhter 


4 


CPS 


Clock pulse input 


Clock pulse input for shift register 


5 


SI 


Data input 


Data input for shift register 


6 


SW1 


Output port 


Open collector output port. State can be set by data from a controller 


7 


SW2 


8 


GND 


GND 


OV 


9 


PD 


Phase detector output 


Three-state 


10 


Lock 


Lock detector output 


Low when PLL locked, and high when unlocked. Open collector 


11 


P/N 


Phase detector polarity 
switching 


When high, PD goes high as the phase advances and low as the phase delays 
When low, PD goes low as the phase advances, and high as the phase delays. 


12 


NC 


No connection 


Open or GND 


13 


Test 


Test input 


Normally set low. When set high, fp (reference frequency) is output from SW1 (pin 6), 
and fiN/N (programmable divider output) is output from SW2 (pin 7). 


14 


X-OUT 


Crystal oscillator input 


Apply the output from the 12. 8MHz reference oscillator to X-in 
A crystal resonator can also be connected. 


15 


X-|N 


16 


Vcc 


Power supply pin 


4. 5-5. 5V 



FUNCTION 

1 . DATA INPUT 
Configuration of input signal 



(D21) (D20) (D19) (D3) (D2) (D1) IGNORED 

^ irmu inrinr" 



Note 1 : Data at input SI Is read Into shift register sequentially by the falling edge of the clock signal at inp ut CP S. 

2 : All data (N value, port, reference frequency) are set by the falling edge of the 21st clock pulse at CPS. 

Additional pulses at CPS are ignored. 

3 : When RST Is high, inputs are accepted at neither CPS nor SI 
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Timing of input signal 

RST 









tcR 


















X 


VALID 


DATA 


X 


X 






th 




















twH 




f 




f 


twL \ 



^su— th=twH=twL=10//S min 
tRc=tcR=20/^S min 

2 . BIT CONFIGURATION OF SHIFT REGISTER 

LSB 



SWALLOW COUNTER 
DIVISION RATIO A 



MAIN COUNTER 
DIVISION RATIO N 



REFERENCE FREQUENCY 
SELECTION 



MSB 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 








2° 




22 


23 


24 


25 


26 




2° 




2' 


2^ 


24 


25 


26 


2' 


28 


29 














Db 


Dc 


Dd 




Da 



Note 4 : Total division ratio M is given by M=A+128N. 
Note 5 I The reference frequency is selected by Da and Db 



Data 


Reference 
frequency 


Da 


Db 


L 


L 


50k 


H 


L 


25k 


L 


H 


12.5k 


H 


H 


6. 25k 



Note 6 : The output port is selected by DC and DD 



Data 


Output port 


Dc 


Dd 


SW1 


SW2 


L 


L 


L 


L 


H 


L 


H 


L 


L 


H 


L 


H 


H 


H 


H 


H 



3 . DATA CODING EXAMPLE 

Reference freqency 6. 25kHz, M=76892, SW 1 ="H", SW2 ="L" 



LSB 



SHIFT REGISTER 
DATA 



L L H H H L H 



DIVISION RATIO OF SWALLOW COUNTER 
A=22+23+2^+2^=92 



DIVISION RATIO OF MAIN COUNTER 

N= 2 3+ 2 ^+ 2 ^+ 2 ^=600 



REFERENCE 
FREQUENCY 

SELECT 
6. 25kHz 



20 



SWT IS SW2 IS 
SET HIGH SET LOW 
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RST 



"L 



::::u 



1 



CPS 



MJUIXJUUIXILU^ 



MAINTAIN PREVIOUS DATA 



Note 7 : Total division ratio is set by M=A+128N=92+1 28X600=76892. 
8 : When PLL Is locked, fvco=6. 25X76892=480575kHz 

=480. 575MHz 



4 . PD AND Lock WAVEFORMS 



UPDATE DATA 



REFERENCE 



pREauE.cv(., _n rL_n n n n n n 

— Lr~LJ — u — u — u — u — u — ir~ 



PROGRAMMABLE 
DIVIDER 
OUTPUT (f,N/N) 



PD OUTPUT 



Lock OUTPUT 



..^.__.Tir_ 1- _L 1- ^ ^. 



Note 9 : When the phase of progrannmable divider output fiw/N is behind the phase of reference freqency fR, PD is low; when fiN/N is ahead of fR, PD is 
high. 

10 : Broken lines indicate the high impedance state. 

1 1 llf phase differnces Tl and Th continue at less than 625ns for more than three cycles of reference frequency fR, LOCK becomes low. 



JS^The above description applies when input P/N (pin 11) is high. 
When P/N is low, the output at PD is inverted. 
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I/O CIRCUITS 




Note 12 : Resistance and current values are typical at Vcc= 5 V, Ta=25°C 
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ABSOLUTE MAXIMUM RATINGS (Ta = -20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Remarks 


Min 


Max 


Vcc 


Supply voltage 




-0.5 


6.0 


V 




V, 


Input voltage 


All inputs 


-0.5 


6.0 


V 




Vo 


Output voltage 


All outputs 


-0.5 


6.0 


V 




Pd 


Power dissipation 


Ta =75°C 




500 


mW 


Package permissible 
power dissipation 


Topr 


Operating temperature 




-20 


+75 


°C 




Tstg 


Storage temperature 




-40 


+125 







RECOMMENDED OPERATING CONDITIONS (Vcc = 4. 5-5. 5V, la = -20~+75r unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Remarks 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5 


5.5 


V 




V,N 


Input amplitude 


FiN=100~1000MHz 


200 




800 


nnVp-p 




F.NI 


Input frequency 


ViN =200~800mVp-p 


100 




500 


MHz 




loL 


Low-level output current 


SW1 , SW2, and Lock ontputs 






5 


nnA 




Vx-IN 


X-iN Input amplitude 


Note 14 


1 




2 


Vp-p 


Sine wave 


fosc 


Reference oscillator frequency 






12.8 




MHz 





Note 13 Cristal oscillator circuit 

X-iN X-OUT 



Note 14 : Cristal oscillator circuit 



GND 





X'tal 






HDh- 










C,=56pF 




Co=30pF 



Crystal oscillator 
OUT 

GND 



_(| ^ 

lOOOOpF j 



I 



Lpad capacitance of crystal 20pF 
Effective resistance less than 1000 



8) GND 
I 



X-ouT (pin 14) is left open 



ELECTRICAL CHARACTERISTICS da ^ 20~+75C, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


V,H 


High-level input voltage 


3, 4, 5, 11, 13 


Vcc=5. 5V 


2.0 






V 


V.L 


Low-level input voltage 


3, 4, 5, 11, 13 


Vcc=5. 5V 






0.6 


V 


l|H 


High-level input current 


3, 4, 5, 11, 13 


Vcc=5.5V, ViH=5.5V 






30 




l|L 


Low-level input current 


3, 4, 5, 11, 13 


Vcc=4.5V, V,L=OV 




-50 


-100 


/uA 


Vol 


Low-level output voltage 


6, 7, 10, 12 


Vcc=4.5V, loL=5mA 






0.5 


V 


Vqhpi 


PD high-level output voltage 


9 


Vcc=4.5V, loH=- 1 mA 


3.0 






V 


VoHP2 


PD high-level output voltage 


9 


Vcc=5V, loH= -0.1mA 


4.0 






V 


V0LPI 


PD low-level output voltage 


9 


Vcc=4. 5V, loL= 1 mA 






1.5 


V 


VoLP2 


PD low-level output voltage 


9 


Vcc=5V, loL=0. 1mA 






1.0 


V 


'PD1 


PD leakage current 


9 


Vcc=5.5V, Vo=0.8~4.7V 






±1.0 


mA 


lpD2 


PD leakage current 


9 


Vcc=5V, Vo=2.5V 






±100 


mA 


Ice 


Supply current 




\Acc=5. 5V 




20 


30 


mA 


'OLK 


Output leakage current 


6, 7, 10 


Vcc=5.5V, VoH=5.5V 






30 


juA 



Note 15 : All voltages are measured with respect to circuit ground (pin 8) 

16 : Currents are taken to be positive (negative sign) when flowing out of the circuit. 

The minimum and maximum values are taken to be absolute values 

17 : Typical values are at Vcc= 5 V, Ta=25°C 
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APPLICATION EXAMPLE 



+5V 
-9- 



+5V 



lOOOpF 



lOOOpF 



Vref 
RST 
CPS 

SI ^ NC 
01 

SW1 ? P/N 



01 



Vcc 

X-OUT 

Test 



SW2 
GND 



Lock 
PD 



MODE SETTING 



V.C.O 



Vtune 




SI 

CPS 
RST 

CONTROLLER 
(M50740P etc.) 



Lock 



TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS INPUT FREQUENCY 



10 



— 0 
E 



Q -20 



I -30 
< 





1 


I5°C- 




. 










Vcc= 


b V 







































































































































































200 400 600 800 

INPUT FREQUENCY F,n (MHz) 
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DESCRIPTION 

The M54965ASP is a semiconductor integrated circuit con- 
sisting of an oxide-film separated ECL/I^L PLL frequency 
synthesizer. A prescaler and PLL capable of withstanding 
operating at a maximum frequency of 1.0GHz are housed 
in a single chip. 

FEATURES 

• Built-in prescaler with input amplifier fmax=l • OGHz 

• Serial data input 

• Fine tuning capability (31. 25KHz/step) 

• Built-in band output 

• 5V single power supply 

APPLICATION 

TV and VTR tuners 

FUNCTION 

The M54965ASP is a PLL frequency synthesizer IC for TV 
applications. The prescaler employs emitter-coupled logic , 
and the PLL, I^L. The maximum operating frequency of the 
prescaler is l.OGHz. The first stage is a fixed 1/8 2- 
modulus prescaler and the second stage is a 1/32, 1/33 2- 
modulus prescaler. The PLL consists of a 4MHz crystal 
oscillator, a 10-bit reference frequency divider, a prog- 
rammable divider (a 10-bit M counter and a 5-bit S 
counter) , a phase comparator, and a lock detector. Four 
band switching circuits are also provided. 



PIN CONFIGURATION 

PACKAGE 20-PIN SHRINK DIP 

TEST INPUT TEST-*[T 
ENABLE INPUT EN [T 

DATA INPUT DATA-*[T 
CLOCK INPUT CLK 



SUPPLY VOLTAGE Vcc 1 
CRYSTAL 

OSCILLATOR Xout 
OUTPUT PIN 



K 
K 

GND GND |T 



PHASE 
COMPARATOR pn 2 
OUTPUT 2 
PHASE 

COMPARATOR PD 1 
OUTPUT 1 




VIEW) 



LOCK/DIVISION 
LD/f,N OUTPUT 

CLOCK/ 
CLK/fREF REFERENCE 
" FREQUENCY 
^, „ OUTPUT 
Vcc 2 SUPPLY VOLTAGE 

f,N PRESCALER INPUT 
GND GND 
BIAS BIAS INPUT 
BS1 
BS2 
BS3 
BS4 



BAND SWITCHING 
OUTPUT 

, BAND SWITCHING 
■ OUTPUT 

. BAND SWITCHING 
* OUTPUT 



I BAND SWITCHING 
^ OUTPUT 



Outline 20P4B 



BLOCK DIAGRAM 

LD/f|N CLK/fREF 




1/32. 1/33 



10 BIT MAIN COUNTER 



5 BIT SWALLOV\/ COUNTER 



L. 



BS2 



BS3 



BS4 



19 BIT 
SHIFT REGISTER 



3= 



© <^ @- 



DECODER/DRIVER 



19 BIT DATA LATCH 



OSC/10 BIT 
COUNTER 



-4> 



DATA CLK Vcc 1 



PHASE DETECTOR 




GND NC 
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PIN DESCRIPTION 



Pin number 


Symbol 


Pin name 


Functional description 


5 
18 


Vcc1 (IIL) 
Vcc2(ECL) 


Supply voltage 1 (I^L) 
Supply voltage 2 (ECL) 


Prescaler supply voltage pin 5. 0+0. 5V is applied 
I2L supply voltage pin 5. 0+0. 5V Is applied 


8 
16 


GND1 (IIL) 
GND2(ECL) 


GND1 (l^L) 
GND2(ECL) 


Connect to OV 
Connect to OV 


6 
7 


XoUT 


Crystal oscillator output pin 


4. OMHz crystal oscillator is corinected. 


17 
15 


BIAS 


Prescaler Input pin 
Bias pin 


Prescaler input pin, V, C, 0 frequency is applied 

Prescaler bias pin, capacitance of lOOOpF is inserted between QND and this 
pin. 


2 


ENABLE 


Enable input 


Normally set low. When high, 19-blt data is read into the shift register. When 
it drops from high to low, the contents of the shift registers are read into the 
latch. 


4 


CLOCK 


Clock input 


Data is read into shift register at the falling edge of the clock signal. 


3 


DATA 


Data input 


Programmable divider division setting input 


19 


CLK/fREF 


Clock/reference frequency output 


When the TEST input is low, the 500kHz clock frequency (CLK) Is output. 
When TEST is high, the reference frequency output fREP is output. The refer- 
ence frequency is 3. 90625kHz. 
(Open-collector output) 


20 


LD/f,N 


Lock detector/division output 


When the TEST input is low, the lock detector output (LD) is selected ; when 
TEST is high, the programmable divider output (f 1/N) is selected. The lock 
detector output is normally high and becomes low for a period correspond- 
ing to the phase difference between Ihbf and f 1/N. 
(Open collector output) 


1 ^ 


TEST 


TEST input 


This pin is used for testing and is normally set low. When set high, fREF and f 
1/N outputs are selected for CLK/fpEP and LD/f 1/N, and the phase compa- 
rator output enters the high-impedance state. 


10 
9 


PD 1 
PD 2 


Phase comparator output 1 
Phase comparator output 2 


When the phase programmable divider output (f 1/N) is advanced with re- 
spect to the reference frequency (fREp). this output becomes high, and when 
the programmable divider output is delayed, it becomes low. When the two 
are in sync, this output enters the high-impedance state. 


14 
13 
12 
11 


BS 1 
BS2 
BS3 
BS4 


Band switching output pin 


Open-collector outputs are used at all four band switching output pins. When 
the band switching data is high, the output is ON, and when low, the output 
is OFF. 
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How to set the dividing ratio of programmable divider and 
select the band switching output 

The output is read ir\to the latch at the falling edge of en- 
able signal, as shown below. 



READ INTO LATCH 
\ 



ENABLE SIGNAL 



DATA SIGNAL 



J L 

BS 1 BS 2 BS 3 BS 4 2^ 2^ 2^ 2^ 2^ 2^ 2^ 2^ 2^ 2° 2^ 2^ 2^ 2' 2° 

■JKyJWOOOOOOCBEKlXMZ 

[l ST BIT 4THBITj5THBIT 14 TH BITj 15 TH BIT 19THBIT 

J^JULRkfUlJlJlAJ^^ 



' SWITCHING DATA ' M COUNTER DIVISION SETTING I ^ °°"srrTING^'^'°^ 
k J* ^ 



Total divisor N Is given by the following formulas in addition to the prescaler used in the previous stage 

N= 8 (32M4-S) M : 10-bit mam counter division 

S I 5-bit swallov\/ counter division 



The M and S counters are binary and the possible ranges 
of division are as follows. 
32^ 1023 
0 ^ S ^ 31 

The range of divisors N is 8, 136 and 192—262. 
The tuning frequency fvco is given in the following equa- 
tions. 

fvco~fREFX N 

=3. 90625X8 (32M+S) 

=31.25 (32M+S)(kHz) 
Therefore, the range of tuning frequencies is 32MHz — 
lOOOMHz. 



CRYSTAL OSCILLATOR CONNECTION DIAGRAM 



0 0 



4.0MHz 



30pF 



I 



56pF 



CRYSTAL OSCILLATOR CHARACTERISTICS 

Actual resistance : less than 50 
Load capacitance : 20pF 
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ABSOLUTE MAXIMUM RATINGS (t a=— 25 — |-75°C, unless otherwise noted) 



A. 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




6. 5 


V 


VI 


Input voltage 


Do not exceed supply voltage (Vcc) 


6. 5 


V 


Vol 


Output voltage (1 ) 


Do not exceed PD output supply voltage 


5. 5 


V 


Vo2 


Output voltage (2) 


Do not exceed output supply voltage (Vcc) 
other than mentioned above 


6.5 


V 


VBD 


Output withstanding voltage 


Band switching switch 


13.5 


V 


Pd 


Power dissipation 




650 


mW 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-40 — 1-125 


"C 


RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C unless otherw 


se noted) 




Symbol 


Parameter 


Test pin 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 






4. 5—5. 5 


V 


fopr 1 


Operating frequency (1) 




Crystal oscillator 


4.0 


MHz 


fopr 2 


Operating frequency (2) 




fiN input 


80—1000 


MHz 


'OL 


Low-level output current 


19 
20 




0—5 


nnA 


IBDL 


Low-level band output current 


11 
12 
13 
14 




0—1 


mA 


ELECTRICAL CHARACTERISTICS (Ta=-20~75r, unless otherwise noted) 


Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Mm 


Typ 


Max 


V,H 


High-level input voltage 


1,2,3,4 




2.0 




Vcc+0.3 


V 


V,L 


Low-level input voltage 


1,2,3,4 








0.7 


V 


llH 


High-level input current 1 


1,2,3,4 


Vcc=5. 5V, V|=2. 7V 






50 


juA 




Low-level input current 1 


1.2,3,4 


Vcc=5. 5V, V|=0. 4V 




-100 


-200 


juA 


Iil2 


Low-level input current 2 


2 


Vcc=5. 5V, V|=0. 4V 




-550 


-900 


uA 


l.c 


Input clamp voltage 


1,2, 3,4 


Vcc=4. 5V, Vic= 1.0mA 




-1.3 


-1.8 


V 


VoH 


High-level output voltage 


PD output 


10 


Vcc=4.5V, loH=-1.0mA 


2.5 


3.0 




V 


Vol1 


Low-level output voltage 


PD output 


10 


Vcc=4.5V, loL=- 1.0mA 




0.2 


0.4 


V 


Vol 2 


Other than above 


19, 20 


Vcc=4.5V, loL=5mA 




0.3 


0.5 


V 


'OLK 1 


Output leakage current 


PD output 


10 


Vcc=5. 5V, Vo=0.5~4. 8V 


-1.0 




-f-1.0 


juA 


'OLK 2 


Other than above 


19, 20 


Vcc=5. 5V, Vo=5. 5V 


-10 




-hio 


mA 


Ice 


Supply current 


5,18 


Vcc=5. 5V 




70 


100 


mA 



Typical values are at Vcc=5. OV, Ta=25°C 



SWITCHING CHARACTERISTICS (Ta=-20-75C, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


fopr 


Prescaler operating frequency 


17 


Vcc=4. 5-5. 5V 
ViN=ViNmin~ViNmax 


80 




1000 


V 


V,N 


Operating input voltage 


17 


80~150MHz 

Vcc=4. 5~5. 5V 

150~1000MH2 


-20 
-27 




4 
4 


dBm 


tpwc 


Clock pulse width 


4 


Vcc=4.5~5. 5V 


10 






mA 


tsU(D) 


Data setup time 


3 


10 






mA 


tH(D) 


Data hold time 


3 


10 






mA 


tsU(E) 


Enable setup time 


2 


20 






/uA 


tH(E) 


Enable hold time 


2 


20 






/uA 


t|NT 


Enable data interval time 


2,3 


10 






mA 


tr 


Rising time 


2, 3,4 






1 


juA 


tf 


Falling tinrie 


2,3,4 






1 


juA 
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APPLICATION EXAMPLE 



FROM CONTROLLER < 
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DESCRIPTION 

The M54967ASP is a semiconductor integrated circuit con- 
sisting of an oxide-film separated ECL/I^L PLL frequency 
synthesizer. A prescaler and PLL capable of operating at a 
maximum frequency of 1. OGHz are housed in a single chip. 

FEATURES 

• Built-in prescaler with input amplifier fmax="'- OGHz 

• Serial data input 

• Fine tuning capability (62. 5kHz/step) 

• Built-in band output 

• 5V single power supply 

APPLICATION 

TV and VTR tuners 

FUNCTION 

The M54967ASP is a PLL frequency synthesizer IC for TV 
applications. The prescaler employs emitter-coupled logic , 
and the PLL, I^L. The maximum operating frequency of the 
prescaler is 1.0GHz. The first stage is a fixed 1/8 2- 
modulus prescaler and the second stage is a 1/32, 1/33 2- 
modulus prescaler. The PLL consists of a 4MHz crystal 
oscillator, a 9-bit reference frequency divider, a programm- 
able divider (a 9-bit M counter and a 5-bit S counter) , a 
phase comparator, and a lock detector. Four band switch- 
ing circuits are also provided. 



PIN CONFIGURATION (TOP 

PACKAGE 20-PIN SHRINK DIP 
TEST IN PUT TEST-*[T 
ENABLE INPUT EN |T 
DATA INPUT DATA [T 
CLOCK INPUT CLK->[T 



SUPPLY Vcc 1 
VOLTAGE 



CRYSTAL , — 
OSCILLATOR Xqut 7 
OUTPUT PIN ' — 

GND GND [T 
PD2^[T 



PHASE 

COMPARATOR 
OUTPUT 2 
PHASE 

COMPARATOR PD 1 
OUTPUT 1 




VIEW) 



LOCK/DIVISION 

- LD/f,N OUTPUT 
CLOCK/ 

-CLK/fREF REFERENCE 
FREQUENCY 
_ OUTPUT 
Vcc 2 SUPPLY VOLTAGE 

- fiN PRESCALER INPUT 
GND GND 

- BIAS BIAS INPUT 

, OC5 1 BAND SWITCHING 
► bb 1 OUTPUT 



► BS2 



BAND SWITCHING 



, Ro o BAND SWITCHING 
OUTPUT 

► BS 4 BAND SWITCHING 
OUTPUT 



Outline 20P4B 



BLOCK DIAGRAM 

LD/f|N CLK/fREF Vcc 2 fiN C3ND BIAS 

■(20) -(jg) @ (1 7) © @- 



1/32, 1/33 | < 1 1/8 ^Mp j 



BS1 BS2 BS3 BS4 

-@ <^ (^--^ 



DECODER/DRIVER 



9 BIT MAIN COUNTER 



5 BIT SWALLOW COUNTER 



18 BIT DATA LATCH 



18 BIT 
SHIFT REGISTER 



OSC/9 BIT COUNTEF 



PHASE DETECTOR 



-ilj {2)- 

TEST EN 



<3) — <h — © — — <b — 



-(i>- 



4) — 



DATA CLK Vcc 1 



XouT GND NC 



PD 
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PIN DESCRIPTION 



Pin number 


Symbol 


Pin name 


Functional description 


5 
18 


Vcci (IIL) 
Vcc2(ECL) 


SuppJy voltage 1 (I2L) 
Supply voltage 2 (ECL) 


Prescaler supply voltage pin 5. 0+0. 5V is applied 
I2L supply voltage pin 5. 0+0. 5V is applied 


8 
16 


QND 1 UlLj 
GND2(ECL) 


CaiNU 1 V \dL) 
GND2(ECL) 


Connect to OV 
Connect to OV 


6 

7 


X,N 
XoUT 


Crystal oscillator output pin 


4.0MHz crystal oscillator is connected 


17 
15 


fiN 

BIAS 


Prescaler input pin 
Bias pin 


Prescaler input pin, V. C. 0 frequency is applied. 

Prescaler bias pin, capacitance of lOOOpF is inserted between GND and this 
pin 


2 


ENABLE 


Enable input 


Normally set low When high, 15-bit data is read into the shift register When 
It drops from high to low, contents of the shift register are read into the latch 


4 


CLOCK 


Clock input 


Data IS read into the shift register at the falling edge of clock signal 


3 


DATA 


Data Input 


Programmable divider division setting input 


19 


CLK/fREF 


Clock/reference frequency output 


When the TEST input is low, the 400kHz clock frequency (CLK) is output 
When TEST is high, the reference frequency output fREp is output The refer- 
ence frequency is 7. 8125kHz 
(Open-collector output) 


on 


LD/f|N 


Lock detector/division output 


When the TEST input is low, the lock detector output (LD) is selected , when 
TEST is high, the programmable divider output (f 1/N) is selected The lock 
detector output is normally high and becomes low for a period correspond- 
ing to the phase difference between fpEp and f 1/N 
(Open collector output) 


1 


1 to 1 


TPQT inni it 

1 CO 1 inpul 


This pin IS used for testing and is normally set low When set high, fpEp and f 
1/N outputs are selected for CLK/fREp and LD/f 1/N, and the phase compa- 
rator output enters the high-impedance state. 


10 
9 


PD 1 
PD 2 


Phase comparator output 1 
Phase comparator output 2 


When the phase programmable divider output (f 1/N) is advanced with re- 
spect to the reference frequency (fpEp), this output becomes high, and when 
the programmable divider output is delayed, it becomes low When the two 
are in sync, this output enters the high-impedance state 


14 
13 
12 
11 


BS 1 
BS2 
BS3 
BS4 


Band switching output pin 


Open-collector outputs are used at all four band switching output pins When 
the band switching data is high, the output is ON, and when low, the output 
is OFF 
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How to set the dividing ratio of programmable divider and 
band switching output 

The output is read into the latch at the falling edge of en- 
able signal, as shown below. 



READ INTO LATCH 



ENABLE SIGNAL 



BS 1 BS 2 BS 3 BS 4 2^ 2^ 2^ 2^ 2^ 2^ 2^ 2^ 2° 2'' 2^ 2^ 2^ 2° 

- DBCDBBXDOOOOOBOOaCi: 



1ST BIT 4THBIT 5THBIT 



I 

13TH BIT|14TH BIT ISTHBITI 
I 
I 



CLOCK SIGNAL 



^LfUUUIUUUUULMJ^JlJl^^ 



I «N0 |»TCH,NG j „ ^^^^^ ^^^^^^ j 5 C0«™,,8,0» 

-34 



Total division N is given by the following formulas in addition to the prescaler used in the previous stage 
N= 8 (32M+S) 



M : 9-bit mam counter division 
S : 5-bit swallow counter division 



The M and S counters are binary and the possible ranges 
of division are as follows. 
32^ M ^511 
0^8^31 

Therefore, the range of divisors N is 8, 64, and 131 --192. 
The tuning frequency fvco is given in the following equa- 
tions. 

^VCO~fREFXN 

=7.8125X8 (32M+S) 

=62.5 (32M+S)(kHz) 
Therefore, the range of tuning frequency is 64IVIHz — 
lOOOMHz. 



CRYSTAL OSCILLATOR CONNECTION DIAGRAM 



0 0 



SOpF 



4.0MHz 



I 



56pF 



CRYSTAL OSCILLATOR CHARACTERISTICS 

Actual resistance : less than 50 n 
Load capacitance '. 20pF 
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ABSOLUTE MAXIMUM RATINGS (Ta=-25~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




6.5 


V 


VI 


Input voltage 


Do not exceed supply voltage (Vcc) 


6.5 


V 


Vol 


Output voltage (1) 


Do not exceed PD output supply voltage 


5.5 


V 


Vo2 


Output voltage (2) 


Do not exceed output supply voltage (Vcc) 
other than mentioned above 


6.5 


V 


VBD 


Output withstanding voltage 


Band switching switch 


13.5 


V 


Pd 


Power dissipation 




650 


mW 


Topr 


Operating temperature 




-20~+75 


'C 


Tstg 


Storage temperature 




-40 — 1-125 


'C 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Test pin 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 






4. 5—5. 5 


V 


fopr 1 


Operating frequency (1) 




Crystal oscillator 


4.0 


MHz 


fopr 2 


Operating frequency (2) 






80—1000 


MHz 


loL 


Low-level output current 


19 
20 




0-5 


nnA 


IBDL 


Low-level band output current 


11 
12 
13 
14 




0—1 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-20~75r. unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


V,H 


High-level Input voltage 


1.2, 3,4 




2.0 




Vcc+0.3 


V 


V.L 


Low-level input voltage 


1,2, 3,4 








0.7 


V 


l|H 


High-level input current 1 


1.2, 3,4 


Vcc=5. 5V, V|=2. 7V 






50 


/uA 




Low-level input current 1 


1,2, 3,4 


Vcc=5. 5V, V|=0. 4V 




-100 


-200 


mA 


Iil2 


Low-level input current 2 


2 


Vcc=5. 5V, V|=0. 4V 




-550 


—900 


juA 


lie 


Input clamp voltage 


1.2, 3,4 


Vcc=4. 5V, Vic= 1.0mA 




— 1.3 


— 1.8 


V 


VoH 


High-level output voltage 


PD output 


10 


Vcc=4. 5V, loH= -1.0mA 


2.5 


3.0 




V 


Vol1 


Low-level output voltage 


PD output 


10 


Vcc=4.5V, loL=-1.0mA 




0.2 


0.4 


V 


Vol 2 


Other than above 


19, 20 


Vcc=4. 5V. loL=5mA 




0.3 


0.5 


V 


'OLK 1 


Output leakage current 


PD output 


10 


Vcc=5. 5V, Vo=0. 5~4. 8V 


-1.0 




+1.0 


juA 


Iqlk 2 


Other than above 


19, 20 


Vcc=5. 5V, Vo=5. 5V 


-10 




+10 


mA 


'cc 


Supply current 


5,18 


Vcc=5. 5V 




70 


100 


mA 


Typical values are at Vcc=5. OV, Ta=25°C. 

SWITCHING CHARACTERISTICS (Ta=-20~75°C, unless otherwise noted) 


Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


fopr 


Prescaler operating frequency 


17 


Vcc=4. 5-5. 5V 
ViN=ViNmin~ViNmax 


80 




1000 


V 


V,N 


Operating input voltage 


17 


80~150MHz 

Vcc=4. 5—5. 5V 

150~1000MHz 


-20 
-27 




4 
4 


dBm 


tpwc 


Clock pulse width 


4 


Vcc=4.5~5. 5V 


10 






juA 


tsU(D) 


Data setup time 


3 


10 






mA 


tH(D) 


Data hold time 


3 


10 






juA 


tsu(E) 


Enable setup time 


2 


20 






fuA 


tH(E) 


Enable hold time 


2 


20 






mA 


t|NT 


Enable data interval time 


2,3 


10 






juA 


tr 


Rising time 


2. 3.4 






1 


uA 


tf 


Falling time 


2, 3,4 






1 


/uA 
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SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 



ENABLE SIGNAL 



DATA SIGNAL 



CLOCK SIGNAL 



1.5V 



tsu(D) 



tsu(E) 



J y 91 

\l.5V 

J i ia 



,90% 



tH(D) 



90%- 




X" V/909^ m^r^ 
■ 10% A A-10% 




90% 
10% 



n 



tH(E) 



10% 



V,H 

— V,c 

— V,H 



V,H 

V,L 
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DESCRIPTION 

The M54968ASP is a semiconductor integrated circuit con- 
sisting of an oxide-film separated ECL/I^L PLL frequency 
synthesizer. A prescaler and PLL capable of operating at a 
maximum frequency at l. OGHz are housed in a single chip. 

FEATURES 

• Built-in prescaler with input amplifier fmax=l- OGHz 

• Serial data input 

• Fine tuning capability (50KHz/step) 

• Built-in band output 

• 6V single power supply 

APPLICATION 

TV and VTR tuners 

FUNCTION 

The M54968ASP is a PLL frequency synthesizer IC for TV 
applications. The prescaler employs emitter-coupled logic 
and the PLL, I^L. The maximum operating frequency of the 
prescaler is l.OGHz. The first stage is a fixed 1/8 2- 
modulus prescaler and the second stage is a 1/32, 1/33 2- 
modulus prescaler. The PLL consists of a 4MHz crystal 
oscillator, a 9-bit reference frequency divider, a programm- 
able divider (a 10-bit M counter and a 5-bit S counter), a 
phase comparator, and a lock detector. Four band switch- 
ing circuits are also provided. 



PIN CONFIGURATION 

PACKAGE 20-PIN SHRINK DIP 
TEST INPUT TEST |T 
ENABLE INPUT EN -*■ 



DATA INPUT 



DATA |T 



CLOCK INPUT CLK- 
SUPPLY VOLTAGE Vqc 1 

CRYSTAL ,— I 
OSCILLATOR Xqut ^ 7 
OUTPUT PIN ' — I 



GND GND 



PHASE 

COMPARATOR PD 2 
OUTPUT 2 
PHASE FD 1 

COMPARATOR 
OUTPUT 1 




VIEW) 



LOCK/DIVISION 
LD/f,N OUTPUT 

CLOCK/ 
CLK/fr^r:. REFERENCE 
UL^/Tref FREQUENCY 

OUTPUT 
Vcc 2 SUPPLY VOLTAGE 

f,N PRESCALER INPUT 

GND GND 

BIAS BIAS INPUT 

oe ^ BAND SWITCHING 
BS1 OUTPUT 

DC o BAND SWITCHING 
°^ OUTPUT 



BS3 
BS4 



BAND SWITCHING 
OUTPUT 



BAND SWITCHING 
OUTPUT 



Outline 20P4B 



BLOCK DIAGRAM 

LD/f,N CLK/fREF Vcc 2 fiN GND BIAS 

■—@ @ @ (i t) (m)- (15)— 



1/32, 1/33 



BS1 BS2 BS3 BS4 
-@ -© 



DECODER/DRIVER 



10 BIT MAIN COUNTER 



5 BIT SWALLOW COUNTER 



15 



19 BIT DATA LATCH 



19 BIT 
SHIFT REGISTER 



— T T « OSC/9 Bit COUNTER ' 

<3) — <4) — — 4>~-- 



PHASE DETECTOR 





TEST EN 



DATA CLK Vcc 1 



A.|N Aqut 



-® ® -@ 

GND NC PD 
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PIN DESCRIPTION 



Pin number 


Symbol 


Pin name 


Functional description 


5 
18 


Vcci (IIL) 
Vcc2(ECL) 


Supply voltage 1 (I^L) 
Supply voltage 2 (ECL) 


Prescaler supply voltage pin 5. 0+0. 5V is applied 
I2L supply voltage pin 5. 0+0. 5V is applied 


8 
16 


GND1 (IIL) 
GND2(ECL) 


GNDId^L) 
GND2 (ECL) 


Connect to OV 
Connect to OV 


6 
8 


XoUT 


Crystal oscillator output pin 


4. OMHz crystal oscillator is connected. 


17 
15 


BIAS 


Prescaler input pin 
Bias pin 


Prescaler input pin, V, C, 0 frequency is applied 

Prescaler bias pin, capacitance of lOOOpF is inserted between GND and this 
pin 


2 


ENABLE 


Enable Input 


Normally set low. When high, 15-bit data is read into the shift register When 
it drops from high to low, the contents of the shift registers are read into the 
latch 


4 


CLOCK 


Clock input 


Data is read into the shift register at the falling edge of the clock signal 


3 


DATA 


Data input 


Programmable divider division setting input 


19 


CLK/fREF 


Clock/reference frequency output 


When the TEST input is low, the 400kHz clock frequency (CLK) is output. 
When TEST is high, the reference frequency output fpEP is output. The refer- 
ence frequency is 6. 25kHz. 
(Open-collector output) 


20 


LD/f,N 


Lock detector/division output 


When the TEST input is low, the lock detector output (LD) is selected .when 
TEST is high, the programmable divider output (f 1/N) is selected The lock 
detector output is normally high and becomes low for a period correspond- 
ing to the phase different between fpEF and f 1/N 
(Open collector output) 


1 


TEST 


TEST input 


This pin is used for testing and is normally set low. When set high, fpEF and f 
1/N outputs are selected for CLK/fpEp and LD/f 1/N, and the phase compa- 
rator output enters the high-impedance state 


10 
9 


PD 1 
PD2 


Phase comparator output 1 
Phase comparator output 2 


When the phase programmable divider output (f 1/N) is advanced with re- 
spect to the reference frequency (fREp). this output becomes high, it becom- 
es low. When the two are in sync, this output enters the high-impedance 
state. 


14 
13 
12 
11 


BS1 
BS2 
BS3 
BS4 


Band switching output pin 


Open-collector output are used at all four band switching output pin When 
the band switching data is high, the output is ON, and when low, the output 
is OFF. 
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How to set the division of programmable divider and select 
the band switching output 

The output is read into the latch at the falling edge of en- 
able signal, as shown below. 



READ INTO LATCH 
\ 



ENABLE SIGNAL 



DATA SIGNAL 



CLOCK SIGNAL 



J L 

BS 1 BS 2 BS 3 BS 4 2^ 2^ 2^ 2^ 2^ 2^ 2^ 2^ 2' 2° 2^ 2^ 2^ 2' 2° 

DEmEjHXXDOOOaOBBOaOQC 



[l ST BIT 4TH BITjsTH BIT 

I I 



14TH BIT| 15TH BIT 19TH BIT 



4flJlJLIULIULJlJlJlJlJ^^ 



I BAND 
SWITCHING DATA 



M COUNTER DIVISION SETTING 



S COUNTER DIVISION 
SETTING 



Total divisor N is given by the following formulas in addition to the prescaler used in the previous stage. 



N=8(32M+S) 



M ! 10-blt main counter division 
S 5-bit swallow counter division 



The M and S counters are binary and the possible ranges 
of division are as follows. 
32^ M ^1023 
0 ^ S ^ 31 

The range of diviors N is 8, 136 and 192'-'262. 
The tuning frequency fvco is given in the following equa- 
tions. 

fvco~fREFXN 

=6. 25X8 (32M+S) 

=50 (32M+S)(kHz) 
Therefore, the range of tuning frequencies is 51.2MHz — 
lOOOMHz. 



CRYSTAL OSCILLATOR CONNECTION DIAGRAM 



0 0 



30pF 



3.2MHz 



4 



X|N 



56pF 



CRYSTAL OSCILLATOR CHARACTERISTICS 

Actual resistance : less than 50 

Load capacitance I 20pF ( 
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ABSOLUTE MAXIMUM RATINGS (Ta=-25~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




6.5 


V 


VI 


Input voltage 


Do not exceed supply voltage (Vcc) 


6.5 


V 


Vol 


Output voltage (1) 


Do not exceed PD output supply voltage 


5.5 


V 


Vo2 


Output voltage (2) 


Do not exceed output supply voltage (Vcc) 
other than mentioned above 


6.5 


V 


VBD 


Output withstanding voltage 


Band switching switch 


13.5 


V 


Pd 


Power dissipation 




650 


mW 


Topr 


Operating temperature 




-20 — h75 


"C 


Tstg 


Storage temperature 




-40 — hi 25 





RECOMMENDED OPERATING CONDITIONS (Ta 20^+75 C, unless otherwise noted) 



Symbol 


Parameter 


Test pin 


Conditions 


Limits 


Unit 


Vcc 


Supply voltage 






4. 5~5. 5 


V 


fopr 1 


Operating frequency (1) 




Crystal oscillator 


4.0 


MHz 


fopr 2 


Operating frequency (2) 




fiN 


80—1000 


MHz 


loL 


Low-level output current 


19 
20 




0-5 


mA 


IBDL 


Low-level band output current 


11 
12 
13 
14 




0—2 


nnA 



ELECTRICAL CHARACTERISTICS (Ta=-20~75C. unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


V,H 


High-level inputwoltage 


1.2, 3.4 




2.0 




Vcc+0.3 


V 


V.L 


Low-level input voltage 


1.2, 3,4 








0.7 


V 


llH 


High-level input current 1 


1.2, 3,4 


Vcc=5. 5V, V|=2. 7V 






50 


//A 




Low-level input current 1 


1.2, 3,4 


Vcc=5. 5V. V|=0. 4V 




-100 


-200 


/^A 


I(l2 


Low-level input current 2 


2 


Vcc=5. 5V, V|=0. 4V 




-550 


-900 


Ju^ 


lie 


Input clamp voltage 


1.2, 3,4 


Vcc=4. 5V, Vic= 1.0mA 




-1.3 


-1.8 


V 


VoH 


High-level output voltage 


PD output 


10 


Vcc=4.5V, loH=-1.0mA 


2.5 


3.0 




V 


Vol1 


Low-level output voltage 


PD output 


10 


Vcc=4.5V, loL=- 1.0mA 




0.2 


0.4 


V 


Vol 2 


Otiier than above 


19, 20 


Vcc=4. 5V, loL=5mA 




0.3 


0.5 


V 


Iqlk 1 


Output leakage current / 


PD output 


10 


Vcc=5. 5V, Vo=0. 5-4. 8V 


-1.0 




+1.0 


Ju^ 


Iqlk 2 


Other than above 


19, 20 


Vcc=5. 5V, Vo=5.5V 


-10 




+10 




Ice 


Supply current 


5,18 


Vcc=5. 5V 




70 


100 


mA 


Typical values are at Vcc=5. OV, Ta=25°C. 

SWITCHING CHARACTERISTICS (Ta 20~75C. unless otherwise noted) 


Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


fopr 


Prescaler operating frequency 


17 


Vcc=4. 5-5. 5V 
ViN=ViNmin~ViNmax 


80 




1000 


V 


V,N 


Operating input voltage 


17 


80-150 I^Hz 

Vcc=4. 5-5. 5V 

150-IOOOMHz 


-20 
-27 




4 
4 


dBnn 


tpwc 


Clock pulse width 


4 


Vcc=4. 5-5. 5V 


10 






juA 


tsu(D) 


Data setup time 


3 


10 








tH(D) 


Data hold time 


3 


10 






/uA 


tsU(E) 


Enable setup time 


2 


20 






juA 


tH(E) 


Enable hold time 


2 


20 






juA 


t|NT 


Enable data interval time 


2,3 . 


10 






mA 


tr 


Rising time 


2, 3,4 






1 


mA 


tf 


Falling time 


2, 3,4 






1 


juA 
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APPLICATION EXAMPLE 



5. 0±0. 5V 



FROM CONTROLLER < 
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DESCRIPTION 

The M54970P is a semiconductor integrated circuit of I^L 
structure containing a serial input to serial/parallel output 9- 
bit shift register and latch as well as a bipolar 9-bit para- 
llel-output driver. 

FEATURES 

• Serial input to serial/parallel output 

• Cascade connections possible through serial output 

• Enable input for output control 

• Power-cut input 

• Driver : Withstand voltage BVceo^20V 

Large drive current (lo(max)=300mA) 

• Wide operating temperature range ••• Ta=— 20 — |-75°C 

APPLICATION 

Thermal printer head dot driver, Serial-to-parallel conver- 
sion, Relay and Solenoid driver 

FUNCTION 

The M54970P consists of a 9bit D-type flip-flop, the output 
of which is connected to 9 latches. 

When data is applied to the serial data input (S-IN) and a 
clock pulse Is applied to clock input (T) , an "L" to "H" 
change of the clock will cause the data input signals to en- 
ter the internal shift registers and the data in the shift regis- 
ters will be shifted In order. 

Using a number of M54970P units for bit expansion in 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9-BIT SERIAL-INPUT,LATCHED DRIVER 



series will entail connecting serial output (S-OUT) to S-IN 
of the next-stage M54970P. 

In parallel output, when the power-cut input and latch Input 
are set to "H" and the output-control input (enable input 
EN) is "H", a clock pulse changing from "L" to "H" will 
cause the serial data input signal to appear at output 01, 
and the data will be shifted in order at outputs 02~09. 
The parallel output will yield a signal that is inverted with 
respect to the serial data input. 



PIN CONFIGURATION (TOP VIEW) 
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Setting the LATCH input to "L" will prevent data from enter- 
ing the latch. 

When the EN input is set to "L", all outputs (0T~09) will be 
set to OFF. Since the internal logic state of the IC is uncer- 
tain at power-on time, set the EN input to "L" (and outputs 
01 '-09 will be set to OFF) until the input data is set and 



the internal logic state has been detrmined. 
The power will be cut when the power-cut input is set to 
"L", and since the data of the shift registers and latches are 
not maintained in this state, it will be necessary to input 
data again in order to set the output following a change of 
PC input from "L" to "H". 



TIMING CHART 
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*The state of the shaded areas is uncertain. 
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INPUT/OUTPUT EQUIVALENT CIRCUIT SCHEMATICS 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20C-+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — h8 


V 


V, 


Input voltage 




-0. 5-+10 


V 


Vo 


Output voltage 


Output Is OFF 


-0. 5 — 1-20 


V 


'o 


Output current 




350 


mA 


Pd 


Power dissipation 


Ta=25t 


1.25 


W 


Topr 


Operating temperature 




-20 — 1-75 


•c 


Tstg 


Storage temperature 




-55 — 1-125 


•c 



RECOMMENDED OPERATING CONDITIONS (Ta^ 20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4.5 


5.0 


5.5 


V 


Vo 


Applied output voltage 


When output is OFF 






20 


V 


lo 


Output current (per circuit) 


All outputs ON simultaneously 
Duty cycle less than 30% 






300 


mA 



ELECTRICAL CHARACTERISTICS (Ta=+25C, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ* 


Max 


V,H 


High-level input voltage 


2,16,17 


Ta=-20'— f-75°C 


2.2 




Vcc 


V 


V,u 


Low-level input voltage 


0 




0.8 


V 


V,H 


High-level input voltage 


1,18 


Ta=-20~+75*C 


2.2 




Vcc 


V 


V,L 


Low-level input voltage 


0 




0.8 


V 


ilH 


High-level input current 


2,16,17 


Vcc=5.5V. V|H=2.4V 






10 


juA 


l|L 


Low-level input current 


Vcc=5.5V, ViL=0.4V 






-50 


uA 




High-level Input current 




Vcc=5.5V, V|H=5.5V 






250 


mA 


I.H 


1,18 


Vcc=5.5V. V,H=2.4V 






100 


l(L 


Low-level input current 




Vcc=5.5V, ViL=OV 






-10 


/uA 


VoH 


High-level output voltage 


3 


Vcc=4.5V, loH=-400/iA 


2.4 






V 


Vol 


Low-level output voltage 


Vcc=4.5V. loL=8mA 






0.4 


V 


Vol 


Low-level output voltage 


6—14 


Vcc=4.5V, loL= 300mA 






0.6 


V 


'cci 






Vcc=5. 5V, power-cut is ON 






10 


mA 


ICC2 


Supply current 


4 


Vcc=5. 5V, EN is "L" 




10 


15 


mA 


lcC3 






Vcc=5.5V, all outputs are ON 




90 


130 


mA 


•o(leak) 


Output leakage current 


6-14 


Vcc=5.5V. VoH=20V 






100 


mA 



* : Typical values are at Ta = 25*0. 
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REQUIRED TIMING CONDITIONS (Ta 20-+75r, umess otherwise noted) 



Symbol 


Psrsmeter 


Conditions 


Limits 


Unit 


l^in 


Typ 


l^ax 


f(T) 


Clock frequency 


Input duty cycle 40-60% 






1 


MHz 


tw(T) 


Clock pulse width 




0.4 






>"S 


tw(L) 


Latch pulse width 




0.4 






mS 


^SU 


Data setup time 




0.2 






mS 


th 


Data hold time 




0.3 






uS 


tcl(T-L) 


Clock-latch time 




1 






mS 


tr(T) 


Clock pulse rise time 








0.5 


mS 


tf(T) 


Clock pulse fall time 








0.5 


juS 


td(p-si) 


Power-cut input data input setting tiwe 


Hold EN Input at "L" when PC 
input is changed from "L" to "H" 


2 






mS 



TIMING DIAGRAM 




tw(L) 
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SWITCHING CHARACTERISTICS (Ta=25c, Vcc=5v) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


MIn 


Typ 


Max 




Low to high-level output propagation time 

( Inniit T /%■ itni it C C\l IT^ 

vinpul 1 TO ouipui o-wu 1 / 








0.7 


/uS 


tpHL 


High to low-level output propagation time 
(Input T to output S-OUT) 


ViH=3V 
V,L=OV 

Rl • S-ouT~2Kn 

Rl • ofi=ioon 

(N=1~9) 
Cu=15pF 
(Note 1 ) 






0.8 


JuS 


tpLH 


Low to high-level output propagation time 
(Input T to output On) 






5 


mS 


tpHL 


High to low-level output propagation time 
(Input T to output On) 






1 


mS 


tpLH 


Low to high-level output propagation time 
(Input EN to output On) 






10 




tpHL 


High to low-level output propagation time 
(Input EN to output 0|^) 








1 





(Note 1) TEST CIRCUIT 
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TYPICAL CHARACTERISTICS 
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DESCRIPTION 

The M54972P is a semiconductor integrated circuit consist- 
ing of eight stages of CMOS shift registers and latches with 
serial inputs and serial or parallel outputs. It is based on Bi- 
CMOS process technology, and has eight bipolar drivers at 
the parallel outputs. 

FEATURES 

• Serial input and serial or parallel output 

• Serial output enables cascade connection 

• Built-in latch for each stage 

• Enable input provides output control 

• Low supply current (standby current Icc ^ lO/^A) 

• Serial I/O level is compatible with typical CMOS 
drvices 

• Driver features : High withstand voltage (BVceo ^ 30V) 
Capable of large drive currents do (max) =300mA) 
Low output saturation voltage Vol<0. 6V at lo= 300mA 

• Wide operating temperrature range Ta=— 20^+75*'C 

APPLICATION 

Dot drivers for thermal print heads. Serial/parallel conver- 
sion. Drivers for relays and solenoids. 

FUNCTION 

The M54972P consists of eight stages of D-type flip flops 
connected to eight latches. 

Data is input to serial input S-IN, and clock pulses are input 
to clock input T. When the clock changes from low to high, 
the input data enters the first shift register and data already 
in the shift registers is shifted sequentially. 
The serial output S-OUT is used to connect multiple 
M54972PS to expand the number of parallel outputs. S-OUT 
is connected to S-IN of the next stage. 



PIN CONFIGURATION (TOP VIEW) 
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PARALLEL 
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Outline 16P4 



For parallel output. When the clock pulse changes from low 
to high, latch input (LATCH) is high and output enable input 
(EN) is low the serial input data at S-IN appears at output 
01 and the other data already present is shifted sequen- 
tially to outputs 02 through 08. 
The parallel outputs are inverted. 

When the latch input is held low, the latch retains the 
stored data. 

When the EN input is high, outputs 01 through 08 all turn 
off. As the internal logic is unstable when the power is 
turned on, the EN input shpuld be kept high (setting out- 
puts 01 through 08 off) until input data is set and the inter- 
nal logic is initialized. 

L-GND is the GND of CMOS logic circuit and P-GND is the 
GND of output driver circuits 01 through' 08 which employ 
bipolar transistors capable of large drive currents. 
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TIMING CHART 
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* The shaded area shows the unstable state. 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — 1-8 


V 


V, 


Input voltage 




-0. 5~ Vcc +0. 5 


V 


Vo 


Output voltage 


S-OUT 


-0. 5- Vcc +0. 5 


V 


0T~08 Transistor off 


-0. 5 — 1-30 


lo 


Output current 


0T~b8 Transistor on 


300 


mA 


Pd 


Power dissipation 


Ta=25lC 


1.25 


W 


Topr 


Operating temperrature 




-20—1-75 


°C 


Tstg 


Storage temperature 




-55 — hi 25 





RECOMMENDED OPERATING CONDITIONS (Ta=-20~-h75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


6 


V 


Vo 


Applied output voltage 


0T~08 Transistor off 






30 


V 




Output current per circuit 


0T~08 All outputs on 
Duty cycle 70% max 






200 


mA 


lo 


01~08 All outputs on 
Duty cycle 35% max 






300 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-h25°C, Vcc=5V. unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V,H 


High-level input voltage 


Ta=-20~+75°C 


0. 7VcG 




Vcc 


V 


V,L 


Low-level input voltage 


0 




0. 3Vcc 


V 


'iH 


High-level input current 


V,H=5V 






100 




'iL 


Low-level Input purrent 


V|L=OV 






-100 




R|N 


Input resistance 




50 






kO, 


VoH 


High-level output voltage 


S-OUT output 


1 lo 1 ^ 1 /^A 


4.9 






V 


Vol 


Low-level output voltage 


S-OUT output 






0.1 


V 


'oh 


High-level output current 


S-OUT output 


VoH =4.5V 


-100 






iuA 


•ou 


Low-level output current 


S-OUT output 


VoL=0.4V , 


400 






/uA 


VoL1 


Low-level output voltage 


Parallel output 


loL=100mA 






0.4 


V 


VoL2 


loL =200mA 






0.5 


V 


VoL3 


loL =300mA 






0.6 


V 


•OLK 


Output leakage current 


Parallel output 


Vo =30V 






50 


mA 


lcci 


Supply current 


Input release all dnver output off 






10 


mA 


ICC2 


One driver output circuit on 






7.5 


mA 


TIMING REQUIREMENTS (Ta=-20~+75r, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


f(T) 


Clock frequency 


Input duty cycle 40~60% 






2 


MHz 


tw(T) 


Clock pulse width 




200 






ns 


tw(L) 


Latch pulse width 




200 






ns 




Data setup tune 




100 






ns 


th 


Data hold time 




100 






ns 


td(T-L) 


Clock-latch time 




400 






ns 


tr(T) 


Rising edge of clock pulse 








500 


ns 


tf(T) 


Falling edge of clock pulse 








500 


ns 
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TIMING DIAGRAM 

SERIAL DATA INPUT S-IN 



2.5V 2.5V 
tsu 



CLOCK 



\ 90% 
2.5V >r 2.5V / 

\ ^ 

tw(T) 



td(T-L) 



tr(T) 




LATCH INPUT 



LATCH 



^^2. 5V 2. 5V 



tw(L) 



SWITCHING CHARACTERISTICS (Ta=25C, Vcc=5V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tpLH 


Low-to-high-level output propagation time 
From input T to output S-OUT 








0.3 


us 


tpHL 


High-to-low-level output propagation time 
From input T to output S-OUT 


ViH = 5V 
V|L = 0 V 
Rl(S-out) = °° 
RL(O^) = 100fi 
(N = 1 ~8) 
Cl=15pF 






0.3 


/US 


tpLH 


Low-to-high-level output propagation time 
From input T to output On 






10 


us 


tpHL 


High-to-low-level output propagation time 
From input T to output On 






5 


MS 


tpLH 


Low-to-high-level output propagation time 
From input EN to output On 






10 


/us 


tpHL 


High-to-low-level output propagation time 
From input EN to output On 








5 


us 



TEST CIRCUIT 
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• The input waveform has the characteristics of V < 20ns tf < 20ns 

• The capacitance Cl includes stray wiring capacitance and probe input capacitance 
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TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
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DESCRIPTION 

The M54973^' is a semiconductor integrated circuit consist- 
ing of eiglit CMOS latches and bipolar output drivers pro- 
duct by a Bi-CMOS process. 

FEATURES 

• Enable input provides output control 

• Low supply current (standby current ice ^ 10//A) 

• Input level is compatible with typical CMOS 

• Driver features High withstand voltage (BVceo ^ 30V) 
Capable of large drive currents (Iq (max) =300mA) 

• Wide operating temperrature range Ta=— 20~-|-75°C 

APPLICATION 

Dot driver for thermal print heads. Drivers for relays, and 
solenoids. 

FUNCTION 

Data are applied to inputs IN1 through INS. When the 
LATCH input is set high, the data is latched as shown in 
the truth table. A high-level signal applied to the RESET in- 
put causes the latches to remain open (reset). When the 
EN input is set low, high data stored in the latches turn on 
the corresponding outputs and set them low. 
When the LATCH and RESET inputs are both low, the latch 
retains the stored data, irrespective of inputs IN1 through 
INS. 



PIN CONFIGURATION (TOP VIEW) 
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BLOCK DIAGRAM 
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TRUTH TABLE 



Inputs 


Outputs On 


INn 


LATCH 


RESET 


EN 


t-1 


t 


L 


H 


L 


L 


X 


H 


H 


H 


L 


L 


X 


L 


X 


X 


H 


X 


X 


H 


X 


X 


X 


H 


X 


H 


X 


L 


L 


L 


L 


L 


X 


L 


L 


L 


H 


H 



L = low level 

H = high level 

X = Irrelevant 

t-1 = previous state 

t = current state 

Off state when output is high 

On state when output is low 



LOGIC DIAGRAM (ONE CIRCUIT) 
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ABSOLUTE MAXIMUM RATINGS (Ta=20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 h 8 


V 


V, 


Input voltage 




-0. 5~ Vcc +0. 5 


V 


Vo 


Output voltage 


Transistor off 


-0. 5 — 1-30 


V 


lo 


Output current 


Transistor on 


200 


mA 


Pd 


Power dissipation 


Ta =25°C 


1.42 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


6 


V 


P-Vcc 


Output sppiy voltage 




4.5 


5 


7 


V 


Vo 


Applied output voltage 


Transistor off 






30 


V 


•o 


Output current per circuit 


All outputs on simultaneously 
Duty cycle 80% max 






120 


mA 



ELECTRICAL CHARACTERISTICS (Ta=-h25°C, Vcc=5V, P-Vcc=5V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


V,H 


High-level input voltage 


Ta=-20~+75°C 


0. 7Vcc 




Vcc 


V 


\V,L 


Low-level input voltage 


0 




0. 3Vcc 


V 


'R|N 


Input resistance 




50 






kO 


VoL1 


Low-level output voltage 


loL=120mA 






0.4 


V 


VoL2 


ioL =200mA 






0.5 


V 


'OLK 


Output leakage current 


Vo =30V 






50 




'cci 


Supply current 


All inputs= 0 V, all outputs off 






10 




ICC2 


One output circuit on 






0.2 


mA 


lcC3 


Output supply current 


All inputs open, all outputs off 






10 


juk 


lcC4 


One output circuit on 






14 


mA 
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TIMING REQUIREMENTS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


MIn 


Typ 


Max 


tw(L) 


Latch pulse width 




0. 1 








tw(R) 


Reset pulse width 




0. 1 






/us 




Data setup time 




0 






lUS 


th 


Data hold time 




0.1 






MS 


TIMING 


DIAGRAM 













LATCH 




OV 



RESET 




SWITCHING CHARACTERISTICS (Ta=+25c Vcc=5v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


MIn 


Typ 


Max 


tpLH 


Low-to high-level output propagation time 
(Input LATCH to output On) 






(0.6) 


2 




tpHL 


High-to low-level output propagation time 
(Input LATCH to output On) 


V,H = 5V 
V,L = 0 V 
RL=100f2 
Cl=15pF 
(Notel) 




(0.1) 


0.5 


/us 


tpLH 


Low-to high-level output propagation time 
(Input EN to output On) 




(0.6) 


2 


/us 


tpHL 


High-to low-level output propagation time 
(Input EN to output On) 




(0.1) 


0.5 


/us 


tpLH 


Low-to high-level output propagation time 
(Input RESET to output On) 






(0.6) 


2 


lus 


TIMING 


DIAGRAM 













INn 



LATCH 
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TEST CIRCUIT 



Q Vc 




O OUTPUT 



• The input waveform has the characteristics of tf ^ 20ns and tf ^ 20ns 

• The capacitance Cl includes stray wiring capacitance and probe input capacitance. 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



ALLOWABLE OUTPUT CURRENT AS 
A FUNCTION OF DUTY CYCLE 
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• Ta = 25°C, P-Vcc=7V j j | 
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DESCRIPTION 

The M54974P is a semiconductor integrated circuit consist- 
ing of twelve stages of CMOS shift registers and latches 
with serial inputs and serial or parallel outputs. It is based 
on Bi-CMOS process technology, and has twelve bipolar 
drivers at the parallel outputs. 

FEATURES 

• Serial input and serial or parallel output 

• Serial output enables cascade connection 

• Built-in latch for each stage 

• Enable input provides output control 

• Low supply current (standby current lcc^lOy"A) 

• Serial I/O level is compatible with typical CMOS 
devices 

• Driver features : High withstand voltage (BVceo ^ 30V) 
Capable of large drive currents (Iq (max) =300mA) 

• Wide operating temperrature range Ta=— 20 — h75°C 

APPLICATION 

Dot drivers for thermal print heads. Serial/parallel conver- 
sion. Drivers for relay and solenoids. 

FUNCTION 

The M54974P consists of twelve stages of D-type flip flops 
connected to twelve latches. 

Data Is input to serial input S-IN, and clock pulses are ap- 
plied to clock input T. When the clock changes from low to 
high, the input data enters the first shift register and data 
already in the shift registers is shifted sequentially. 
The serial output S-OUT is used to connect multiple 
M54974PS to expand the number of parallel outputs. S-OUT 
is connected to S-IN of the next stage. 



PIN CONFIGURATION (TOP VIEW) 



OUTPUT S-OUT 
LATCH INPUT LATCH 

ENABLE INPUT EN [T 

I oT2<^E 

OUTPUTS { 

E 

GND OF I |7 

DRIVER P-GND ZZ 
CIRCUIT I LL 




POWER SUPPLY OF 
L-Vcc LOGIC CIRCUIT 
, ^,jr,GND OF LOGIC 
'-■^'^ "^CIRCUIT 
S-IN SERIAL INPUT 
T CLOCK 

P-Vcc OUTPUT 

POWER SUPPLY 
GND OF 
P-GND DRIVER 
CIRCUIT 



Outline 28P4B-A 



When the clock pulse changes from low to high, latch input 
(LATCH) is high and output enable input (EN) is low the 
serial input data at S-IN appears at output 01 and the other 
data already present is shifted sequentially to outputs 02 
through 012. 

The parallel outputs are inverted. 

When the latch input is held low, the latch retains the 
stored data. When the EN input is high, outputs 01 through 
012 all turn off. As the internal logic is unstable when the 
power is turned on, the EN input should be kept high 
(setting the outputs OT through 012 off) until input data is 
set and the internal logic is initialized. 
L-GND is the GND of CMOS logic circuit and P-GND is the 
GND of output driver circuits 01 through 012 which employ 
bipolar transistors capable of large drive currents. 



BLOCK DIAGRAM 



PARALLEL OUTPUTS 



07 08 09 OlO Oil 012 

S) — d?) — (iD — ^ — ® — Gy 



GND OF 
DRIVER 
CIRCUIT 



P-GND 



ENABLE INPUT 



LATCH INPUT LATCH 



SERIAL INPUT S-IN 




P-GND 



GND OF DRIVER 
CIRCUIT 



P-Vc, 



OUTPUT POWER 
SUPPLY 

L-Vrr^ POWER SUPPLY 

OF LOGIC CIRCUn 

L-GND GND OF LOGIC 
CIRCUIT 



S-OUT SERIAL OUTPUT 
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TIMING CHART 



SERIAL INPUT S-IN 
T 

LATCH INPUT LATCH 
ENABLE INPUT 



PARALLEL OUTPUTS 



01 0 



Oil 
012 ' 



SERIAL OUTPUTS S-OUT 
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*The shaded area shows the unstable state 
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I/O CIRCUIT 



J I Input with a pull-up resistor 

(EN, LATCH) 



O- 



-AW- 



777 
L-GND 



Input with a pull-down resistor 
(T, S-IN) 



L-Vc 



n 



77T 
L-GND 



2. I Serial output 

(S-OUT) 



L-GND 



Parallel output 

(oT~oT2) 



-o 



\ ! 



P-GND- 
L-GND ■ 
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ABSOLUTE MAXIMUM RATINGS (Ta=20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5—8 


V 


V, 


Input voltage 




-0. 5~Vcc+0. 5 


V 


Vo 


Output voltage 


S-OUT 


-0. 5~Vcc+0. 5 


V 


0T~dl2 Transistor off 


-0. 5~30 


V 


lo 


Output current 




400 


mA 


Pd 


Po\Ner dissipation 


Ta =25°C 


2.5 


W 


Topr 


Operating temperature 




-20 — f-75 


°C 


Tstg 


Storage temperature 




-55 — hi 25 





RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C. unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


6 


V 


P-Vcc 


Output supply voltage 




4.5 


5 


6 


V 


Vo 


Applied output voltage 


0T~012 Transistor off 






30 


V 


'o 


Output current per circuit 


All outputs on 

Duty cycle 50% max 






300 


mA 



ELECTRICAL CHARACTERISTICS (Ta=+25°C, Vcc=5V, P-Vcc=5V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


V,H 


High-level input voltage 


Ta =-20~+75°C 


0. 7Vcc 




Vcc 


V 


V,L 


Low-level input voltage 


0 




0. 3Vcc 


V 


R|N 


Input resistance 




50 






kn 


VoH 


High-level output voltage 


S-OUT output 


1 lo 1 ^ 1 /"A 


4.9 






V 


Vol 


Low-level output voltage 


S-OUT output 






0.1 


V 


'oh 


High-level output current 


S-OUT output 


VoH =4. 5V 


-100 






juA 


loL 


Low-level output current 


S-OUT output 


VoL=0.4V 


400 






juA 


VoL1 


Low-level output voltage 


Parallel output 


loL=120mA 






0.4 


V 


VoL2 


loL =300mA 






0.5 


V 


VoL3 


loL =400mA 






0.7 


V 


'OLK 


Output leakage current 


Parallel output 


Vo =30V 






50 


juA 


'cci 


Supply current (L-Vcc) 


Input release all driver output off 






10 


juA 


'CC2 


One dnver output circuit on 






0.2 


nnA 


lcC3 


Output supply current (P-Vcc) 


One driver output circuit on 






14 


mA 
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TIMING REQUIREMENTS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


f(T) 


Clock frequency 


Input duty cycle 40~60% 






2 


MHz 


tw(T) 


Clock pulse width 




200 






ns 


tw(L) 


Latch pulse width 




200 






ns 




Data setup time 




100 






ns 


th 


Data hold time 




100 






ns 


td(T-L) 


Clock- latch time 




400 






ns 


tr(T) 


Rising edge of clock pulse 








500 


ns 


tf(T) 


Falling edge of clock pulse 








500 


ns 


TIMING 


DIAGRAM 











SERIAL DATA 
INPUT 



S-IN 



HF2. 5V 



1 



tsu 



CLOCK T 



5V 



7^2. 5V \2.5V / 
/ \ ^ 



tw(T) 



tr(T) 




td(T-L) 



LATCH INPUT LATCH 



5V 



tw(L) 



SWITCHING CHARACTERISTICS (Ta=+25°C, Vcc=5V, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Low-to-high-level output propagation time 
From input T to output S-OUT 


V|H = 5V 
V|L = 0 V 
Rl(S-out) = °° 

RL(o;^)=iooa 

(N = 1 ~12) 
Cl=15pF 




(0. 15) 


0.3 


A^s 




High-to-low-level output propagation time 
From input T to output S-OUT 




(0.15) 


0.3 


A^s 


tpLH 


Low-to-high-level output propagation time 
From input T to output On 




( 2) 


10 


/iS 


tpHL 


High-to-low-level output propagation time 
From input T to output On 




( 1) 


5 




tpLH 


Low-to-high-level output propagation time 
From input EN to output Oj^ 




( 2) 


10 


JUS 


tpHL 


High-to-low-level output propagation time 
From input EN to output On 




( 1) 


5 


MS 



TIMING DIAGRAM 

CLOCK 



SERIAL OUTPUT S-OUT 



ENABLE INPUT EN 



OUTPUT On 



tpLH 



tpHL 



■2. 5V 



5V 



2. 5V 

tpLH 



2. 5V 



5V 



tpHL 



2. 5V 



2.5V 



A MITSUBISHI 
ELECTRIC 



2-535 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54974P 



BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER 



TEST CIRCUIT 




O OUTPUT 



TtT 



• The input waveforfn has the characteristics of t^ ^ 20ns tf S 20ns 

• The capacitance Cl includes stray wiring capacitance and probe input capacitance 



TYPICAL CHARACTERISTICS 

ALLOWABLE AVERAGE 
POWER DISSIPATION 



ALLOWABLE OUTPUT CURRENT AS 
A FUNCTION OF DUTY CYCLE 




400 



O 



o 
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100 

































































• The collector current value per output is shown 

• Repetive frequency ^ 10Hz | 

_ • The circled numbers indicate the number 
of outputs conducting simultaneously | 

• Ta=25°C Vcc=6.0V When mounted on PC boarc 
1 1 1 1 1 
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ALLOWABLE OUTPUT CURRENT AS 
A FUNCTION OF DUTY CYCLE 




• The collector current value per output is shown 

• Repetive frequency ^ lOHz | 

• The circled numbers indicate the number 

of outputs conducting simultaneously | 

• Ta=75°C, Vcc=6. OV When mounted on PC board 
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DESCRIPTION 

The M54975P is a semiconductor integrated circuit fabri- 
cated using Bi-CMOS technology. It contains a serial input 
to serial/parallel output 8-bit CMOS shift register and 
CMOS latch as well as bipolar 8-bit parallel-output driver. 

FEATURES 

• Serial input to serial/parallel output 

• Cascade connections possible through serial output 

• Latch circuit included for each stage 

• Enable input for output control 

• Low supply current Icc^lO^/A at standby 

• Serial input/output level is compatible with standard 
CMOS 

• Driver : Withstand voltage BVceo^30 

Large drive current (lo(max)=300mA) 

• Wide operating temperature range •••• Ta=— 20 — |-75°C 

APPLICATION 

Thermal printer head dot driver, Serial-to parallel conver- 
sion, Relay and Solenoid driver 

FUNCTION 

The M54975P consists of an 8-bit D-type flip-flop, the out- 
put of which is connected to 8 latches. 
When data is applied to the serial data input (S-IN) and a 
clock pulse is applied to clock input (T) , an "L" to "H" 
change of the clock will cause the data input signals to en- 
ter the internal shift registers and the data in the shift regis- 
ters will be shifted in order. 

Using a number of M54975P units for bit expansion in 



PIN CONFIGURATION (TOP VIEW) 


CLOCK "'"-►[7 
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SERIAL INPUT S-IN ^ 
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LOGIC GND L-GND 
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PARALLEL 


SERIAL OUTPUT S-OUT-^fs" 




<D 
01 


1- 


05 


OUTPUTS 


LATCH INPUT LATCH ^ 




■0 


n\- 


06 




ENABLE INPUT EN 


[I 








07 




DRIVER GND P-GND 


E 








08 




Outline 


16P4 







series will entail connecting serial output (S-OUT) to S-IN 
Of the next-stage M54975P. 

In parallel output, when the latch input is set to "H" and the 
output-control input (enable input EN) is "L", a clock pulse 
changing from "L" to "H" will cause the serial data input 
signal to appear at output 01 , and the data will be shifted m 
order at outputs 02~08. 

The parallel output will yield a signal that is inverted with 
respect to the serial data input. 

Setting the LATCH input to "L" will prevent data from enter- 
ing the latch. 

When the EN input is set to "H", all outputs (0T~08) will 
be set to OFF. Since the internal logic state of the IC is un- 
certain at power-on time, set the EN input to "H" (and out- 
puts 01~08 will set to OFF) until the input data is set and 



BLOCK DIAGRAM 



Vcc (4 J 



EN (7) 



LATCH (6 
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the internal logic state lias been determined. 08), which is made up of bipolar transistors that are cap- 

L-GND is the ground of the CMOS logic circuit section and able of driving large currents. 
P-GND is the ground for the output driver section (OT-- 



TIMING CHART 
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*The stage of the shaded areas is uncertain. 

INPUT/OUTPUT CIRCUIT SCHEMATICS 



2 I INPUT WITH PULL-DOWN RESISTOR 
(T, S-IN) 



J I INPUT WITH PULL-UP RESISTOR 

(EN, LATCH) 



Vcc 



L-GND 



O f — VsAr- 



L-GND 



4 I PARALLEL OUTPUT 
(oT-08) 



3 I SERIAL OUTPUT 
(S-OUT) 



L-GND 



1.5kn 
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ABSOLUTE MAXIMUM RATING (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — f-8 


V 


V, 


Input voltage 




-0. 5~Vcc+0. 5 


V 


Vo 


Output voltage 


S-OUT 


-0. 5~Vcc+0. 5 


V 


0T~08 : Output is OFF 


-0. 5 — f-30 




Output Current 


0T~08 : Output is ON 


350 


mA 


Pd 


Power dissipation 


Ta=25°C 


1.25 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 


Storage temperature 




-55 — 1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


6 


V 


Vo 


Applied output voltage 


0T~08 : When output is OFF 






30 


V 


lo 


Output current (per circuit) 


6l ~08 : All outputs ON simultaneously 
Duty cycle less than 1 5% 






300 


mA 



ELECTRICAL CHARACTERISTICS (Ta=+25r. Vcc=5V, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


V,H 


High-level input voltage 


1,2 
6,7 


Ta=-20~+75°C 


0. 7Vcc 




Vcc 


V 


V,u 


Low-level input voltage 


0 




0. 3Vcc 


V 


RiN 


input resistance 




50 






kQ 


VoH 


High-level output voltage 




1 lo 1 ^Ia'A 


4.9 






V 


Vol 


Low-level output voltage 


5 






0. 1 


V 


•oh 


High-level output current 


VoH=4. 5V 


-100 






mA 


loL 


Low-level output current 




VoL=0. 4V 


400 






mA 


VoL1 






loL= 100mA 






1.2 


V 


VoL2 


Low- level output voltage 


9-16 


loL= 200mA 






1.4 


V 


VoL3 




loL= 300mA 






1.6 


V 


'OLK 


Output leakage current 




Vo=30V 






50 


mA 


'cci 


Supply current 




Inputs free, all driver outputs OFF 






10 


/uA 


loG2 


4 


Driver output I 1 circuit ON 






1.7 


mA 


REQUIRED TIMING CONDITIONS (Ta=-20-'+75C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 




Min 


Typ 


Max 


Unit 


f(T) 


Clock frequency 


Input duty cycle 40~60% 






2 


MHz 


tw(T) 


Clock pulse width 




200 






nS 


tw(L) 


Latch pulse width 




200 






nS 


tsu 


Data setup time 




100 






nS 


th 


Data hola time 




100 






nS 


td(T-L) 


Clock-latch time 




400 






nS 


tr(T) 


Clock pulse nse time 








500 


nS 


tf(T) 


Clock pulse fall time 








500 


nS 
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TIMING DIAGRAM 




tw(L) 



SWITCHING CHARACTERISTICS (Ta=+25c, Vco=5v) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tpLH 


Low to high-level output propagation time 
(Input T to output S-OUT) 








0.3 




tpHL 


High to low-level output; propagation time 
(Input T to output S-OUT) 


V,H=5V 
V,L=OV" 

Rl : S-0UT=«' 

Rl : ON-ioon 

(N=1~8) 
CL=15pF 
(Notel) 






0.3 


mS 


tpLH 


Low to high-level output propagation time 
(Input T to output On) 






10 


JuS 


tpHL 


High to low-level output propagation time 
(input T to output On) 






2 


mS 


tpLH 


Low to high-level output propagation time 
(Input EN to output On) 






10 


mS 


tpHL 


High to low-level output propagation time 
(Input EN to output On) 








2 





(Note 1) TEST CIRCUIT 



9 Vc, 



INPUT 

O 



PG 



50fi ' 
7^ 



ELEMENT 
UNDER TEST 



Input waveform is taken as tr^20ns and tf^20ns 

Cl Includes wiring stray capacitance and probe input capacitance. 



T 

TtT 



TIMING DIAGRAM 



S-OUT 



2.5V \ 7 ^ 2.5V \ 



tpLH 



2. 5V 



tpLH 



tpHL 



2. 5V 



Jf 



On 



JfT. 



5V 



2. 5V 

tpLH 



\ 



2. 5V 



2. 5V 



J- 2.5V 2.5V 
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TYPICAL CHARACTERISTICS 



o 



THERAL DREATING 




0 25 50 75 100 

AMBIENT TEMPERATURE Ta(°C ) 



DUTY CYCLE VS 
PERMISSIBLE OUTPUT CURRENT 




100 



•Ta=25r 

• Repetition frequency >10h'z 

• Number in O indicate the number, 
of output circuits that | I 
operate simultaneously — | — 

• Current values are per circuit 



0 



20 



40 



60 



100 



DUTY CYCLE {%) 



O 



DUTY CYCLE VS 
PERMISSIBLE OUTPUT CURRENT 



D — 




DUTY CYCLE {%) 
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DESCRIPTON 

The M54976P is a semiconducnductor integrated circuit 
fabricated using Bi-CMOS teclinology. It contains bipolar 8 
output drivers of CMOS latch. 

FEATURES 

• Enable input for output control 

• Low supply current lcc^10/^A at standby 

• Input level is compatible with standard CMOS 

• Driver : Withstand voltage BVceo^30 

Large drive current (lo(max)=300mA) 

• Wide operating temperature range ••• Ta=— 20 — hys^C 

APPLICATION 

Thermal printer head dot driver, Relay driver, Solenoid 
driver 



FUNCTION 

When data is applied to inputs IN1-IN8 and LATCH input is 
set to "H", the data will be*latchedance with the truth table. 
Note that when an "H" signal is applied to the RESET input, 
the latch will maintain the reset state. 
When the EN input is set to "L" and the data maintained in 
the latch are "H", the corresponding output will be ON and 
become "L". 

When both the LATCH and RESET inputs are "L", the latch 
will maintain the prior state irrespective of input signals 
IN1-IN8. 



BLOCK DIAGRAM 



PIN CONFIGURATION (TOP VIEW) 



RESET INPUT RESET -♦Q] 
LATCH INPUT LATCH 
IN1 ■ 



IN2 — [7 
IN3-*|T 
IN4-^[T 
INS — [7 
IN6-*[F 
IN7-^|T 
INS — []0 
GND [77 




ENABLE INPUT 



Te]— 05 

15]— 06 

Ta]— 08 

COM COMMON 



Outline 22P4 
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TRUTH TABLE 



INPUTS 


OUTPUT On 


INn 


LATCH 


RESET 


EN 


t-1 


t 


L 


H 


L 


L 


X 


H 


H 


H 


L 


L 


X 


L 


X 


X 


H 


X 


X 


H 


X 


X 


X 


H 


X 


H 


X 


L 


L 


L 


L 


L 


X 


L 


L 


L 


H 


H 



L : "L" level 

H : "H" level 

X : Irrelevant 

t-1 Previous state 

t : Present state 

Output H is in tlie OFF state 

Output L is in the ON state 



LOGIC DIAGRAM (1 CIRCUIT) 



INn 



LATCH 



RESET 



EN 



C>J->>-i-t>o-=^> 

T — 

Oj-Oo 

T. COMMON BLOCK 




On 



(n=1~8) 



INPUT/OUTPUT EQUIVALENT CIRCUIT SCHEMATICS 
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ABSOLUTE MAXIMUM RATINGS (Ta=-20C~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 1-8 


V 


V| 


Input voltage 




-0. 5~Vcc+0. 5 


V 


Vo 


Output voltage 


Output IS OFF 


-0. 5 — h30 


V 


lo 


Output current 


Output IS on 


350 


mA 


Pd 


Power dissipation 


Ta=25°C 


1.42 


W 


Topr 


Operating temperature 




-20 — h75 


°C 


Tstg 1 Storage temperature 




-55 — 1-125 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm ' 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


6 


V 


Vo 


Applied output voltage 


When output is OFF 






30 


V 


lo 


Output current (per circuit) 


All outputs ON simultaneously 
Duty cycle less than 25% 






300 


mA 



ELECTRICAL CHARACTERISTICS (Ta=+25°C, Vcc=5V, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Mm 


Typ 


Max 


V,H 


High-level input voltage 


1—10 
22 


Ta=-20~+75°C 


0. 7Vcc 




Vcc 


V 


V,u 


Low-level input voltage 


0 




0. 3Vcc 


V 


R|N 


Input resistance 




50 






ka 


VoL1 






loL= 100mA 






1.2 


V 


VoL2 


Low-level output voltage 


13—20 


loL=200mA 






1.4 


V 


VoL3 






loL= 300mA 






1.6 


V 


'OLK 


Output leakage current 


13—20 


Vo=30V 






50 


mA 


Vf 


Clamp diode forward current 


13-20 


lF=300mA 






2 


V 


Ir 


Clamp diode reverse current 


Vr=30V 






50 


UA 


•cci 


Supply current 


21 


All inputs are OV, all outputs OFF 






10 


juA 


'CC2 


Output : 1 circuit ON 






1.4 


rr\A 



2-544 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54976P 

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER 



REQUIRED TIMING CONDITIONS (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tw(L) 


Latch pulse width 




0.1 






uS 


tw(R) 


Reset pulse width 




0.1 






juS 




Data setup time 




0 






MS 


th 


Data hold time 




0.1 






mS 



TIMING DIAGRAM 




• ov 



RESET 




SWITCHING CHARACTERISTICS {Ta=+26c Voo=5v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpLH 


Low to high-level output propagation time 
(Input LATCH to output On) 






(0.6) 


2 


mS 


tpHL 


High to low-level output propagation time 
(Input LATCH to output On) 


ViH=5V 

ViL==OV 

RL=100n 

Cl=15pF 

(Notel) 




(0.1) 


0.5 




tpLH 


Low to high-level output propagation time 
(Input EN to output On) 




(0.6) 


2 


mS 


tpHL 


High to low-level output propagation time 
(Input EN to output On) 




(0.1) 


0.5 




tpLH 


Low to high-level output propagation time 
(Input RESET to output On) 






(0.6) 


2 


juS 


TIMING 


DIAGRAM 













LATCH 



EN 



RESET 



2. 5V 




5V 



5V 



2. 5V 



5V 



tpHL 



5V 



tpLH 
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(Note 1) TEST CIRCUIT 



Q Vc, 



INPUT 

Q 



50 n 



ELEMENT 
UNDER TEST 



-O OUTPUT 



• Input waveform is taken as tr^20ns and tf^20ns 

• Cl includes wiring stray capacitance and probe input capacitance 



THERMAL DERATING 




o 

H 
3 



0 25 50 75 100 

AMBIENT TEMPERATURE Ta(°C) 



DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 



400 



< 

4 300 



200 



100 

















































































































































Ta= 


25°C 
















• 


Repetition treguencyp> iumz 
Numbers in 0 Indicate the nur 
of output circuits that operate 
simultaneously. | ' j ] 


ibe 


■ 


—J 


Current values are per circuit. 
1 1 1 1 1 I 







20 



40 



60 



100 



DUTY CYCLE {%) 



< 
E 



D 
O 



o 



DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 




100 



Ta=75°C 

Repetion frequency>10Hz 
Numbers in O indicate the number 
of output circuits that operate 
- simultaneously, -j- 



• Current values are per circuit. 



0 



20 



40 



60 



100 
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DESCRIPTION 

The M54977P is a semiconductor integrated circuit fabri- 
cated using Bi-CI\/IOS technology. It contains a serial input 
to serial/parallel output 12-bit CMOS shift register and 
CMOS latch as well as bipolar 12-bit parallel-output driver. 

FEATURES 

• Serial input to serial/parallel output 

• Cascade connections possible through serial output 

• Latch circuit included for each stage 

• Enable input for output control 

• Low supply current Icc^lO/^A at standby 

• Serial input/output level is compatible with standard 
CMOS 

• Driver *. Withstand voltage BVceo^30 

Large drive current (io(max)=200mA) 

• Wide operating temperature range- •• Ta=— 20 — |-75°C 

APPLICATION 

Thermal printer head dot driver, Serial-to parallel conver- 
sion, Relay, solenoid driver 

FUNCTION 

The M54977P consists of an 1 2-bit D-type flip-flop, the out- 
put of which is connected to 12 latches. 
When data is applied to the serial data input (S-IN) and a 
clock pulse is applied to clock input (T) , an "L" to "H" 
change of the clock will cause the data input signals to en- 
ter the internal shift registers and the data in the shift regis- 



PIN CONFIGURATION (TOP VIEW) 



CLOCK INPUT T-»n" 
SERIAL INPUT S-IN [T 
LOGIC GND L-GND [T 

Vcc U 

SERIAL OUTPUT S-OUT fs" 

LATCH INPUT LATCH |T 

ENABLE INPUT EN [T 

I 012— IT 
OUTPUTS I ' — 

1 011 —[7 
DRIVER GND P-GND [To 




PARALLEL 
OUTPUTS 



Outline 20P4 



ters will be shifted in order. 

Using a number of M54977P units for bit expansion in 
series will entail connecting serial output (S-OUT) to S-IN 
of the next-stage M54977P. 

In parallel output, when the latch input is set to "H" and the 
output-control input (enable input EN) is "L", a clock pulse 
changing from "L" to "H" will cause the serial data input 
signal to appear at output 01, and the data will be shifted in 
order at outputs 02~012. 

The parallel output will yield a signal that is inverted with 



BLOCK DIAGRAM 




10) P-GND 



LATCH (6 



S-IN (2 




DQ -i- DQ -i- DQ -L DQ DQ 4- DQ DQ DQ DQ -i- DQ 4- DQ DQ © 



) S-OUT 



L-GND 
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respect to the serial data input. 

Setting the LATCH input to "L" will prevent data from enter- 
ing the latch. 

When the EN input is set to "H", all outputs (OT—OTI) will 
be set to OFF. Since the internal logic state of the IC is un- 
certain at power-on time, set the EN input to "H" (and out- 
puts 01 ~012 will set to OFF) until the input data is set 



and the internal logic state has been determined. 
L-GND is the ground of the CMOS logic circuit section and 
P-GND is the ground for the output driver section (01 ~ 
01 2), which is made up of bipolar transistors that are cap- 
able of driving large currents. 



TIMING CHART 




*The stage of the shaded areas is uncertain 
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INPUT/OUTPUT CIRCUIT SCHEMATICS 

1 I INPUT WITH Pill I -UP RF.qLqTOR 

(EN, LATCH) 



L-GND 



2 I INPUT WITH PULL-DOWN RESISTOR 

(T, S-IN) 



1 



^ I SERIAL OUTPUT 

(S-OUT) 



ni 



L-GND 



PARALLEL OUTPUT 

(oT~oT2) 
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ABSOLUTE MAXIMUM RATING (Ta=-20~+75C, unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 




-0. 5 — 1-8 


V 


V, 


Input voltage 




-0. 5~Vcc+0. 5 


V 


Vo 


Output voltage 


S-OUT 


-0. S-Vcc+O. 5 


V 


0T~0T2 : Output IS OFF 


-0. 5 — [-30 


•o 


Output Current 


0T~08 : Output is ON 


250 


mA 


Pd 


Power dissipation 


Ta=25°C 


1.25 


W 


Topr 


Operating temperature 




-20 — 1-75 


°C 


Tstg 


Storage temperature 




-55—1-125 





RECOMMENDED OPERATING CONDITIONS (Ta=-20~+75C unless otherwise noted) 



Symbol 


Parameter 


Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 




4 


5 


6 


V 


Vo 


Applied output voltage 


0T~0T2 : When output is OFF 






30 


V 


•o 


Output current (per circuit) 


All outputs ON simultaneously 
Duty cycle less than 20% 






200 


mA 



ELECTRICAL CHARACTERISTICS (Ta=+25C. Vcc=5V, unless otherwise noted) 



Symbol 


Parameter 




Test conditions 


Limits 


Unit 


Test pin 


Min 


Typ 


Max 


V,H 


High-level input voltage 


1,2 
6,7 


Ta=-20~-f75°C 


0. 7Vcc 




Vcc 


V 


V,L 


Low-level input voltage 


0 




0. 3Vcc 


V 


R|N 


input resistance 




50 






kn 


VoH 


High-level output voltage 


5 


i lo 1 ^1/"A 


4.9 






V 


Vol 


Low-level output voltage 






0. 1 


V 


'oh 


High-level output current 


5 


VoH=4.5V 


-100 






/iA 


'OL 


Low-level output current 


VoL=0. 4V 


400 






//A 


VoL1 


Low-level output voltage 


8,9 
11—20 


loL=100mA 






1.2 


V 


VoL2 


loL=200mA 






1.4 


V 


'OLK 


Output leakage current 


Vo=30V 






50 


juA 


•cci 


Supply current 


4 


Inputs free, all driver outputs OFF 






10 


juA 


lcC2 


Driver output : 1 circuit ON 






1.25 


mA 
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REQUIRED TIMING CONDITIONS (Ta=-20~+75°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


f(T) 


Clock frequency 


Input duty cycle 40~60% 






2 


MHz 


tw(T) 


Clock pulse width 




200 






nS 


tw(L) 


Latch pulse width 




200 






nS 


tsu 


Data setup time 




100 






nS 


th 


Data hola time 




100 






nS 


td(T-L) 


Clock-latch time 




400 






nS 


tr(T) 


Clock pulse rise time 








500 


nS 


tf(T) 


Clock pulse fall time 








500 


nS 



TIMING DIAGRAM 

DATA INPUT S-IN 




CLOCK INPUT T 



/ \ /9oir 

-i^2.5V Jr-2.5V / 
/ \ ^ 



tw(T) 



tr(T) 




td(T-L) 



LATCH INPUT LATCH 



y^^5V ^ ^2.5V 



tw(L) 



SWITCHING CHARACTERISTICS (Ta=+25c Vcc=5v) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tpuH 


Low to high-level output propagation time 
(Input T to output S-OUT) 






(0.15) 


0.3 


/^S 


tpHL 


High to low-level output propagation time 
(Input T to output S-OUT) 


V,H=5V 
V|L=OV 

Rl •' S-oUT=°° 

Rl : o^^=ioon 

(N=1~8) 
CL-15pF. 
(Notel) 




(0.15) 


0.3 


A^S 


tpLH 


Low to high-level output propagation time 
(Input T to output On) 




( 2) 


10 


/^S 


Vhl 


High to low-level output propagation time 
(Input T to output On) 




( 0.5) 


2 


/^S 


tpLH 


Low to high-level output propagation time 
(Input EN to output On) 




( 2) 


10 


/^S 


tpHL 


High to low-level output propagation time 
(Input EN to output On) 






( 0.5) 


2 





TIMING DIAGRAM 



tpLH 



2. 5V 



tpUH 



2. 5V 

tpHL 



tpHL 



2. 5V 

tpLH 



2.5V 



tpHL 



On 



5V 



2. 5V 



2. 5V 



2. 5V 
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(Note 1) TEST CIRCUIT 



INPUT 

P 



50 n 



ELEMENT 
UNDER TEST 



-O OUTPUT 



• Input waveform is taken as tr^20ns and tf^20ns 
Cl Includes wiring stray capacitance and probe input capacitance. 



TYPICAL CHARACTERISTICS 

THERAL DREATING 



o 

Q. 




'0 25 50 75 100 

AMBIENT TEMPERATURE Ta(°C) 



D 
O 



DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 




50 



• Ta=25°C 

' Repetition frequency>10H2 " 
' Number in O indicate the number of 
output circuits that operate! 
simultaneously — j — 
' Current values are per circuit 



20 



40 



60 



80 



100 



DUTYCYCKE {%) 



3 
o 



13 

o 



DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 
200 1 — I — I vvviv VI V k — — r-rn — \ — i ®~ 



150 



100 



50 




• Ta=75"C 

• Repetition frequency >10Hz 

• Number in O indicate the number of. 
output circuits that operate I 
simultaneously — } — 

• Current values are per circuit. 
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Chiyoda-ku, Tokyo 100, Japan 
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Overseas Marketing Manager 
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Telephone- (0727) 82-5131 
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Minnetonka. MN 55345. USA 
Telex 291115 MELA MTKA 

Telephone- (612)938-7779 
Facsimile: (612)938-5125 

NORTH CENTRAL 

Mitsubishi Electronics America, Inc 

800 N Bierman Circle 
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200 Unicorn Park Drive 
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Telephone- (617)938-1220 
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Boca Raton, FL 33433. U.S A 
Twx: 510-953-7608 
Telephone (305) 487-7747 
Facsimile (305) 487-2046 



WEST GERMANY === 

Mitsubishi Electric Europe GmbH 

Headquarters- 

Gothear Str 6 

4030 Ratingen 1, West Germany 
Telex 8585070 MED D 

Telephone. (02102)4860 
Facsimile. (021 02) 486-1 1 5 

Munich Office: 

ArabellastralSe 31 

8000 MUnchen 81, West Germany 

Telex 5214820 

Telephone. (089)919006-09 

Facsimile (089)9101399 



FRANCE = 

Mitsubishi Electric Europe GmbH 
65 Avenue de Colmar Tour Albert ler 
F-92507 Rueil Malmaison Cedex, 
France 

Telex- 202267 (MELCAM F) 

Telephone: (01) 7329234 
Facsimile- (01) 7080405 



ITALY = 

Mitsubishi Electric Europe GmbH 
Centre Direzionale Colleoni 
Palazzo Cassiopea 1 
20041 Agrate Brianza l-Milano 
Telephone (039) 63601 1 
Facsimile: (039) 6360120 

SWEDEN ====== 



Mitsubishi Electric Europe GmbH 
LastbilsvSgen 6B 
5-19149 Sollentuna, Sweden 
Telex 10877 (meab S) 

Telephone (08) 960468 
Facsimile (08) 966877 

U.K. 



Mitsubishi Electric (U K ) Ltd 
Hertford Place. Denham Way. 
Maple Cross. Rickmanworth. Herts, 
WD3 2BJ, England, U K 
Telex: 916756 MEUKG 

Telephone: (923) 770000 
Facsimile (923) 775282 
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Mitsubishi Electric Australia Pty Ltd 
73-75, Epping Road, North Ryde, 
PC Box 1567, Macquarie Centre, 
N S.W, 2113, Australia 
Telex MESYDAA 26614 

Telephone: (02) (888) 5777 
Facsimile (02) (887) 3635 
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